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Due to globalization, increasing competition in the markets, short life cycle of the 
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activities in order to focus on their core competencies. Therefore, selecting best 
suppliers has become significant and strategic issue for the companies. Furthermore, 
supplier selection is characteristically a multiple criteria decision-making problem, it 
generally involves more than one decision maker and it is subject to uncertain and 
vague evaluations. All these features led me to form a distinctive multiple criteria 
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AN INTEGRATED SUPPLIER SELECTION METHODOLOGY BASED ON 
FUZZY AHP AND ELECTRE III METHODS UNDER GROUP DECISION 
MAKING ENVIRONMENT 
SUMMARY 
In recent years, business world has been subjected to a tremendous change due to 
increasing globalization, worldwide competition, technological developments, short 
life cycles of product and inconstant consumer behaviors. One of the most important 
changes has been focusing on core competencies and outsourcing supporting 
activities such as catering, transportation and so on. Thus, developing a successful 
supply chain has become one of the main goals of companies. 
A well-built supply chain contains organizing the flow of sources and data between 
suppliers. Primary subject of designing an efficient and effective supply chain is 
selecting the right supplier. Therefore, supplier selection has turned into a tactical 
decision, meaning that it has become a vital source for adding strength to value 
proposition and for improving the competitiveness of manufacturers. 
Supplier selection is multiple criteria decision-making problem and furthermore it 
has uncertainty and vagueness in its nature. Therefore, a fuzzy multiple criteria 
decision-making method should be applied for supplier selection problems. 
Furthermore, because mostly more than one person is responsible, supplier selection 
problem should be considered as group decision making  
In this study, due to conditions stated in the previous paragraph an integrated 
supplier selection methodology based on fuzzy analytic hierarchy process and 
ELECTRE III methods under group decision making environment has been formed. 
First, individual preferences are aggregated into group decision with using linguistic 
variables. Then the group evaluates criteria via fuzzy AHP method and suppliers are 
ranked via ELECTRE III.  
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GRUP KARAR VERME ORTAMINDA BULANIK AHP VE ELECTRE III 
METODLARINA DAYALI BÜTÜNLEŞTĐRĐLMĐŞ BĐR TEDARĐKÇĐ SEÇĐM 
METODOLOJĐSĐ  
ÖZET 
Son yıllarda, küreselleşmenin genişlemesine, dünya çapında artan rekabete, ürünlerin 
yaşam çevrimlerinin kısalmasına ve değişken müşteri davranışlarına bağlı olarak iş 
dünyası da büyük değişimlere maruz kalmıştır. Bu değişimlerin en önemlilerinden 
birisi asıl işlere odaklanmak ve yemek, taşıma gibi ve buna benzer destek 
faaliyetlerinin dış kaynaklardan edinilmesi olmuştur. Bu nedenle başarılı bir tedairik 
zinciri geliştirmek, şirketlerin asıl hedeflerinden bir tanesi haline gelmiştir.  
Đyi geliştirilmiş bir tedarik zinciri, tedarikçilerle kaynak ve bilgi akışının organize 
edilmesini içerir. Etkin ve verimli bir tedarik zincirinin öncelikli konusu doğru 
tedarikçi seçimidir. Bundan dolayı, tedarikçi seçimi stratejik bir karar haline 
gelmiştir. Üreticilerin ürünlerinin değerlerini güçlendiren ve rekabet edebilirliklerini 
yükselten hayati bir kaynak haline gelmiştir.  
Tedarikçi seçimi çok kriterli karar verme problemidir ve ayrıca doğasında belirsizlik 
ve kararsızlık bulunur. Bu yüzden tedarikçi seçimi problemlerinde bulanık çok 
kriterli karar verme metodlarına başvurulmalıdır. Buna ilaveten, çoğunlukla birden 
çok kişinin tedarikçi seçiminde sorumlu olması nedeniyle, problem grup kararı 
verme olarak düşünülmelidir.  
Bu çalışmada, bir önceki parağrafta bahsedilen şartlara bağlı olarak grup karar verme 
ortamında bulanık analitik hiyerarşi yöntemine ve ELECTRE III metodlarına dayalı 
bütünleştirilmiş bir tedarikçi seçim metodolojisi oluşturulmuştur. Öncelikle 
bireylerin tercihleri grup kararına dilsel değişkenler kullanılarak dönüştürülmüştür. 
Daha sonra kriterler bulanık AHP metodu ile değerlendirilmiş ve kriterlerin önem 
ağırlıkları elde edilmiştir. Bu ağırlıklar dikkate alınarak tedarikçiler ELECTRE III 
metodu ile sıralanmışlardır.   
 xviii
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1.  INTRODUCTION 
1.1 Purpose of the Thesis 
The main goal of this study is forming a decision support system for supplier 
selection and evaluation. It is aimed to use quantitative and qualitative methods 
together in order to cope with vague and uncertain nature of the human decisions and 
analytic side of the supplier selection problem as well.  
1.2 Background 
Supply Chain Management (SCM) has become an important subject in real life and 
in the literature as well in recent years due to globalization, competition, and short 
product life cycles. Furthermore, because of innovative technologies companies cope 
with the mission to endure in the dynamic struggle in contemporary intercontinental 
marketplace (Przewosnik et al., 2006). The firms try to adopt new business rules 
created by global competition and they try to institutionalize. Przewosnik et al., 
(2006) also assert that the industry world has all the time been an ever-changing 
environment but lately this progress has accelerated even more. A competitive 
advantage has to be maintained in regard to other organizations and because of the 
launch of goods with short life cycles and the delicate prospects of customers, 
developing a successful supply chain has increasingly become focus point of all 
companies. Kheljani et al, (2007) state that a well-incorporated supply chain includes 
organizing the streams of resources and information among vendors, producers, 
sellers and any other participants. It should be kept in mind that a chain is as strong 
as the weakest part of it. According to Kheljani et al, (2007), supply chain needs 
planning and coordination between every unit in order to accomplish successful 
SCM. When a company creates and constitutes a supply chain, the management and 
placement of assessments among units are of great significance. In the beginning of a 
supply chain design, vendor selection and order provision should be considered as 
primary subjects (Kheljani et al., 2007). 
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Huang and Keskar (2007) claim the percentage of sales revenues spent on purchased 
materials varies from more than 80 percent in the petroleum refining industry to 25 
percent in the pharmaceutical industry. Because the ratios stated above are high, 
companies started to perceive their buying process as a strategic issue and stopped 
operating it as a secretarial job (Kahraman et al., 2003). Weele (2005) describes 
buying is the management of the company’s exterior assets in such a way that 
procurement of all products, services, abilities and information which are essential 
for operating, sustaining and managing the company’s main and secondary actions is 
tenable at the most advantageous circumstances. After the change how they perceive 
buying process, important numbers of companies are decreasing the pool of suppliers 
on which they rely, and at the same time are placing more emphasis on long-standing 
mutual interactions (Kahraman et al., 2003). Organizing the supply chain basis is not 
a simple duty. They should not decrease the supplier basis more than it is needed. 
Nonetheless, it is vital for the total value chain in synchronization among vendors. 
Furthermore, producer has a serious influence on the supply chain, which eventually 
heads to inadequate consumer service (Kahraman et al., 2003). Under these 
circumstances, performance assessment is a tool, which producers use to estimate the 
success and competence of the vendors in accomplishing an assigned mission. 
Monitoring suppliers regularly can be another tool to evaluate how strong the 
relations with suppliers are. Effectiveness is a measure to evaluate which missions 
have been succeeded and efficiency is another measure how reserves have been 
consumed (Kahraman et al., 2003). These measurements help the companies to find 
out strengths and weaknesses of the suppliers they work with. Weaknesses can be 
turned into strengths to develop the performance of the complete supply chain and to 
increase customer satisfaction eventually. Discovering vendors with the highest 
possibility for constantly supplying a company’s requirements and at an adequate 
cost is the purpose of supplier selection (Kahraman et al., 2003).  
Vendors are regularly a resource of latest inventions and manufacture technologies. 
Even large companies are not able to make all the investments required to continue 
technology improvement in every area, since technological developments take place 
at such a high rates in various sectors (Weele, 2005). Selecting the appropriate 
supplier is one of the important achievement criteria. Therefore, a good way to 
follow is an exhaustive supplier selection process. Companies should select the 
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prospect supplier. They should make their choice based on interrelated and reliable 
set of performance measures connected to the supplier’s technical and managerial 
abilities. They should also consider the scope as well to which future views and 
policies and culture viewpoints at several levels of the organization are shared 
(Weele, 2005). Selection is a wide evaluation of vendors utilizing a common group 
of criteria and measures. On the other hand, the amount of detail used for exploring 
possible suppliers may differ based on a firm’s requirements. (Kahraman et al., 
2003). In order to maintain short-term financial position and long-term competitive 
power of the companies, efficient and positive relationships with suppliers are 
critical elements due to high percentage of sales revenues spent on purchased parts 
and services (Weele, 2005). Supplier selection has turned into a tactical decision. It 
has become a vital source for adding strength to value proposition. Furthermore, it 
helps for improving the competitiveness of manufacturers, as buying operations 
within a supply chain take a more significant role and drifts include the movement 
from short- term arrangements to long-term contractual relationships (Ha and 
Krishnan, 2008). Therefore, companies see supplier selection and evaluation as a 
strategic issue. Nor like the past, a promising movement is to choose suppliers where 
companies wish for a long-term relationship and supplier participation in product 
improvement and to sort suppliers into classes depending on performances (Araz and 
Ozkarahan, 2007). For the duration of the 1990s, in order to improve management 
performance and competitiveness, manufacturers look for collaboration with the 
suppliers. As companies are increasingly outsourcing more and more activities to 
suppliers in order to focus their core competences, the suppliers are pushed to co-
operate (Araz and Ozkarahan, 2007). During the 2000s, cooperation with suppliers 
has become mandatory for all firms and sectors to obtain competitive advantage 
(Chen. et al., 2006). With decreasing supplier basis and having closer and long-term 
relationship with suppliers, companies aim to get economies of scale. It means 
suppliers will start to produce more products and thus they will produce cheaper, 
because fix costs will spread over more units. As a result, companies will be able to 
buy what they need cheaper. Long-term relationships have started to be instituted 
between companies and their suppliers for providing an occasion in order to increase 
performance. It is pointed out that fast project development times, lower 
development and production cost, increased the level of motivation of suppliers, 
increased supplier originated innovation and better product quality are the 
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advantages of starting long-term relationship with the vendors (Araz and Ozkarahan, 
2007). Chen et al., (2006) claim that once a supplier becomes part of a well-managed 
and established supply chain, this relationship will have a lasting effect on the 
competitiveness of the entire supply chain.  
Supplier selection is a multiple criteria decision-making problem. In addition, this 
decision requires taking uncertain and vague data or assessment into account. 
Moreover, it includes sequential decision steps such as deciding the criteria set, the 
weights of criteria, and the method to evaluate the criteria. Nevertheless, De Boer et 
al., (1998) says that the character of many of these decisions is formless and 
complicated. They also assert that “Put together, this would plead for serious 
attention for the way these decisions are reached and justified and therefore suggests 
(among other things) the use of decision models in support of purchasing decision 
making.” It can be concluded that supplier selection may contain numerous and 
various kinds of criteria, consistent decision configurations, mixtures of several 
decision rules, group decision making and various forms of vagueness. The existing 
proper decision techniques for supporting supplier selection decision can therefore be 
evaluated with thanks to the degree to which these properties are taken into account 
(De Boer et al., 1998).  
In this thesis, forming an objective decision support system, which can deal with 
complicated nature of supplier selection problem, is aimed. In section 2, the 
importance of supplier selection and evaluation is given. The phases of supplier 
selection and the changes of buyers-suppliers relationships are described as well. In 
section 3, the decision theory is mentioned and every aspects of decision theory will 
be identified. Section 4 is a review of the methods, which are used for supplier 
selection problem. In section 5, the proposed methodology will be defined and a real 
life application will be given. Finally, an overview and the appraisal of the thesis are 
given in conclusion section.  
 5
2.  SUPPLIER SELECTION AND EVALUATION 
2.1 Importance of Supplier Selection and Evaluation 
In order to decrease production costs because of international competition, original 
equipment producers (OEM) are gradually becoming outsourcing-oriented (Huang 
and Keskar, 2007). So that they can solely focus on their main operations and they 
try to benefit from learning effect. Thus, the selection of suitable vendors has become 
an essential decision for OEMs (Huang and Keskar, 2007). This decision is very 
complicated because of multiple conflicting criteria in evaluation phase. Huang and 
Keskar (2007) state that suppliers which can deliver needed raw materials and parts 
at a superior-quality point with low cost to fulfill customers’ need should be selected 
by the companies. However, delivering needed raw materials and parts at a superior-
quality point with low cost is not enough to be selected as a supplier. Due to recent 
changes of consumer demands, suppliers also should respect environment and safety 
of their workers as well. They should not use child workforce. Products should be 
produced with materials that are not harmful to human health. Furthermore, due to 
shortened product life cycle, OEMs and vendors require to develop strategic 
partnerships that they can immediately response to a fast changing market (Huang 
and Keskar, 2007). 
Companies have ever considered supplier selection and evaluation as a significant 
strategic function (Araz and Ozkarahan, 2007). Usually, companies used to consider 
supplier selection and evaluation as picking the least invoice cost supplier, 
disregarding additional vital resources of secondary supplier costs like those 
associated with late delivery times, production breaks, poor quality of delivered 
goods, etc. (Roodhooft and Konings, 1996). However, selecting the best supplier has 
become a vital issue because decreasing buying risk, increasing total value to buyer, 
and develop the closeness and long-term relationships among purchaser and vendors 
is the overall purpose of supplier selection process (Chen et al., 2006). The overall 
supply chain’s financial and operational position could be weakened because of 
selecting the wrong supplier (Araz and Ozkarahan, 2007). Therefore, companies 
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consider supplier selection and evaluation process as a strategic issue and 
furthermore selecting the best supplier is mandatory. Nonetheless, due to obligation 
of considering several criteria in the decision making process, supplier selection 
decisions are difficult (Araz and Ozkarahan, 2007). Traditionally, only criterion 
considered while selecting supplier was the total amount of the invoice. 
Nevertheless, with the increasing importance of strategic supplying and competition 
of international markets, the method to traditional criteria has been drifted to mirror 
the new needs based on the role of vendors in the supply chain (Araz and Ozkarahan, 
2007). As time went on it has been understood that just considering cost to select 
vendors is not enough. In addition to traditional selection criteria, such as cost, 
quality, and delivery, strategic supplier selection and evaluation decisions must 
include other appropriate criteria (Araz and Ozkarahan, 2007). Otherwise, it would 
clarify the condition that various effective criteria are generally not considered in the 
decision-making process, such as deficient knowledge, supplementary qualitative 
factors, and vagueness preferences (Chen et al., 2006). In recent years, due to 
increasing consciousness of consumers about importance of environment and human 
rights, safety of the workers, working conditions, respect for the environment have 
been extra criteria to evaluate when selecting a supplier.  
Many suppliers can be found in case of purchasing a routine item. Nevertheless, due 
to the low value of the item, it will not compensate to regularly look for and select 
vendors (De Boer et al., 2001). In this case, one suitable supplier, mostly the 
cheapest one with the condition of fulfilling minimum quality requirement, is 
selected and it is not changed until another supplier makes a more profitable bid. In a 
situation of bottleneck and strategic parts, the selection of the vendor is also there or 
thereabouts predetermined (De Boer et al., 2001). Because finding a better supplier 
will not compensate the time, which is spent looking for it. The on hand vendor 
routinely sorts out minor modifications in the specification of the parts. According to 
De Boer et al., (2001) nevertheless, the motivation for this is very distinctive from 
that in the routine case. In these cases with an excessive supply hazard, there are 
practically no vendors to select from directly, either due to extremely exclusive 
requirement (i.e. a very strong resource tie between the buying company and the 
supplier) or due to shortage of the substance. Consequently, the selection set is 
frequently much smaller. Companies mostly use decision models as means for 
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regular assessment of their present suppliers (De Boer et al., 2001). Leverage items 
characteristically include customized re-buy conditions. In this case, there is an 
extent choice pool of suppliers from while the high usefulness and saving capability 
of the items rationalizes proactive search and repeated choice of suppliers. 
In order to satisfy customer demands, not only with part or raw material vendors, but 
also wholesalers/distributors, retailers, and with customers who all take place in a 
supply chain should be collaborated by the manufactures with the intention of 
obtaining competitive advantages in markets. In order to maximize whole supply 
chain effectiveness and profitability, the management of operation flow between 
participants in a supply chain is included in SCM (Ha and Krishnan, 2008). 
2.2 Supplier-Buyer Relations 
In late times, globalization and the growth of latest technologies are two among 
many factors, which have led to enlarged opposition producers are faced to now 
(Przewosnik et al., 2006). Supplier-buyer relations drifted from just ordering and 
receiving to designing production process together, cooperating to design new 
products. The duration of contracts between buyers and suppliers are much longer 
nowadays. Przewosnik et al., (2006) asserts that working together more strongly with 
the suppliers is one of the consequences for purchasing firms to the stresses on 
margins, produced by this extremely competitive and unpredictable situation.  
2.2.1 Different types of relationship 
A relationship is a situation including common agreements among humans or parties 
or countries. Business relationships among a producer and its vendors might seem in 
many forms varying from solely separate operations on the one part to complete 
alliances as the additional utmost (Przewosnik et al., 2006). The characteristic issues 
for such relationships as the number of operations, the durability of the relationship, 
and the intimacy among the partners are clarified. The number of operations as the 
primary issue submits on how frequently procurement is made inside of a supplier-
buyer relationship (Przewosnik et al., 2006). For example, if it is a routine item, 
which is supplied, frequency is relatively higher than if it is a bottleneck item. In 
addition, as indicated before, different solutions have been approached according the 
properties of the procurement.   
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The next issue – durability – differentiates among arm’s length, short-term, long-
term and long-term with-no-end relationships as dissimilar kinds of relationships. 
The coming steps would be a joint venture and vertical integration in which the sides 
included are actual partners (Przewosnik et al., 2006). Arm’s length represents one 
time buying situations while vertical integrations represents a much longer 
relationship. The other terms are between of these two aspects. Vertical integration is 
the ideal point of supplier-buyer relations. Figure 2.1 shows the types of relationship. 
 
Figure 2.1: Types of relationships adapted from Przewosnik et al., (2006) 
Closeness, the final aspect, illustrates how friendly partners in a business relationship 
are working together. The longer the relationship among suppliers and buyers is, the 
closer they are working together. Przewosnik et al., 2006 assert that usually 
companies, both buyers and suppliers, used to concentrate on merely swapping 
money in exchange of goods and services dominantly. They add however, since the 
supply chain has been strategic issue for the companies, they go further and include 
additional obligations like the acquirement of mutual assets. Although devotion can 
include several possible hazards, like e.g. the loss of power over specific actions, the 
establishment of near relationships must be constructed on advantages for both sides 
for creating a win-win-situation (Przewosnik et al., 2006). Otherwise, the synergy 
between suppliers and buyers can be lost and supply chain might get harm. Closeness 
powerfully interrelates with kinds of relationships stated above. It can be said that the 
closer a relationship generally is, the further away it is from being at arm’s length 
situation (Przewosnik et al., 2006). In other words, closer relationships strengthen the 
supply chain and companies involve their supplier into more processes such as 
designing a new product, implementing a new technology. Figure 2.2 shows 
relationship strength. Every of those above stated issues take a vital role and cannot 
be individually considered, as e.g. only concentrating on the number of operations 
does not take the fact into account that several products might be supplied frequently 
from a vendor without a closer relationship among it and the purchaser (Przewosnik 
et al., 2006). 
 
Arm’s 
Length 
Short 
Term 
Long 
Term 
Long-Term 
with-no-end 
Joint 
Venture 
Vertical 
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Figure 2.2: Relationship strength adapted from Przewosnik et al., (2006) 
2.2.2 The shift in supplier-buyer relations 
Habitually, companies considered the buying task as a secretarial one and the 
supplier-buyer relationships was likely to be adversarial and farther than nowadays 
(Przewosnik et al., 2006). The communication between supplier and buyer was 
occurring when the product was ordered and before it was delivered. Przewosnik et 
al., (2006) claim the first concentration about supplier-buyer relations was on 
lowering the cost of procured products and services. Companies were considering the 
cost as only criterion while selecting supplier. Nevertheless, since the 1990s, 
suppliers are recognized as an important resource by manufacturers to acquire 
competitive advantage. Therefore, producers launched to work with their vendors on 
a joint base (Przewosnik et al., 2006). They prepared and signed long-term contracts 
with their supplier. Moreover, they started to work closer with their suppliers.  
Przewosnik et al., (2006) indicate that a producer can receive great advantages 
thanks to working intimately with its suppliers to the extent that important 
developments of the company’s performance in terms of cost decrease, succeeding 
steady developments in quality levels, and improving new product design are 
concerned. In other words, having strategic partnership with suppliers gives 
competitive advantages to the producer. However, firm requires considering, if close, 
cooperative relationships to its vendors is actually enviable and convenient, as it is 
arduous to build on and preserve this type of connection (Przewosnik et al., 2006). In 
other words, the advantages derived from strategic partnership might not compensate 
the source and the effort, which companies spent for building a close relationship. 
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Przewosnik et al., (2006) offers a method to avoid such a failure is to classify the 
merchandise groups, for which particular relationships are compulsory, because of 
the significance of constituents for the ultimate product. They also add that in 
particular the acquisition of commodity goods generally does not need any intimate 
relationship. 
Collaborative relationships need numerous confidences and promise alongside with 
the enthusiasm to allocate threats form mutual parts, which involve the requirement 
of well-organized interaction, open information sharing and continuous, inter and 
intra developments. Furthermore, the power of a relationship is identified by the 
enthusiasm to become accustomed to every others’ needs, the interdependence of 
both partners, common contentment and the whole co-operation to succeed mutual 
purposes (Przewosnik et al., 2006). 
In any relationship between a purchaser and a vendor, added value is the difference 
between the costs sustained by the vendor and the utility function of the purchaser, is 
generated. In an arm’s-length relationship the vendor’s standard contribution is 
creating this value, whereas in a collaborative relationship the intensity of added 
value will expand, either because the supplier’s costs descend or the value of the 
product to the purchaser augments. In an ideal condition, both will occur to build a 
win-win condition for both parties (Przewosnik et al., 2006). 
2.3 Supplier Selection Process 
Supplier selection problems are complicated because companies should consider 
many variables while selecting supplier. Especially after companies realized that 
supplier selection is a strategic issue, they start to focus on more about building an 
objective and effective supplier selection process.  
According to Weele (2005), supplier selection process traditionally contained 
• Determining the prerequisites based on the buying condition that the vendors 
who are going to be applied for a quotation will have to meet.  
• Collecting the primary bidders list that specifies which vendors might most likely 
do the job.  
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• Forwarding the demand for information forms. Then, prospect suppliers are 
connected to supply testimonials and information about their experiences. At this 
stage, it may be necessary to organize a vendor visit or examination in order to 
get an accurate idea of their capabilities. Large companies generally work with 
approved vendors list in order to select the suppliers for the long list. 
• Determining on the supplier short list. Based on the information that was 
collected, the most talented suppliers are chosen. These short listed suppliers will 
be contacted 
• Forwarding the request for quotation. At this stage, suppliers are called to 
propose bid that encounters the necessities as indicated in the request for 
quotation. The idea behind this is that vendors have to propose their offers in 
such a way that the buyer can compare them.  
However, the process stated above is not enough anymore. Nowadays, applying a 
systematic supplier selection process is essential in order to keep away from 
objectionable surprises concerning supplier performances. The purchasing firm 
should take various steps in this process. Araz and Ozkarahan, (2007) a supplier 
selection problem typically consists of four phases: problem definition, formulation 
of criteria, qualification of suitable suppliers and final selection. Initially, a purchaser 
is obliged to set up problem formulation (Przewosnik et al., 2006). It should define 
the problem and the variables of the problem. Afterwards, it has to decide relative 
criteria (Przewosnik et al., 2006). Criteria are the most important variables of the 
supplier selection problems. Thus, they should objectively be selected and they 
should carefully be evaluated. Then, it has to identify the vendors and it should make 
a rough containment (Przewosnik et al., 2006). It should not eliminate any of the 
suppliers at this stage. It should include almost all suppliers into evaluation. Thirdly, 
the company examines and assesses the outstanding vendors (Przewosnik et al., 
2006). It measures the performance of all suppliers according to criteria determined 
in the previous stages. In the last step, the suitable vendors are selected for and by the 
company (Przewosnik et al., 2006). Suitable vendors are the ones, which have the 
best performance scores.  
Suppliers are not expected to be perfect concerning all supplier selection criteria 
Gencer and Gürpinar, 2007). A vendor can produce its goods with a superior quality; 
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however, the cost of goods might be high, in comparison to other suppliers. 
Alternatively, other suppliers’ goods cost might be lowest; however the delivery 
performance of other suppliers might be the worst. Therefore, to select the best 
supplier for the company, a methodical supplier selection process should be 
approached (Gencer and Gürpinar, 2007). The selection of a vendor is one of the 
most significant actions in the buying process and numerous activities lead this 
decision (Ha and Krishnan, 2008). It might affect the choice of transportation type, 
location of the warehouse and so on. This decision will shape the overall 
performance of whole supply chain. Performance along all aspects affecting supplier 
selection must be described and tracked by a good supplier evaluation process (Ha 
and Krishnan, 2008).  
On the other hand, the implementation of the primary steps in the practice (problem 
definition, formulation of criteria and prequalification) is generally decoupled from 
the last preference (De Boer, et. al. 2001). Deliberation of vendor practices 
(managerial, quality and financial, etc.) and vendor abilities (co-design abilities, cost 
decrease abilities and technical skills, etc.) are required during the process of 
strategic evaluation of suppliers (Araz and Ozkarahan, 2007). Describing the 
differences in performance among vendor clusters, giving feedback information to 
the member of cluster about their drawbacks, to help vendors by supplying 
knowledge, abilities, and experience via several supplier improvement programs, and 
scrutinizing vendors’ performance in time are the duties of the supplier management 
systems. In supplier evaluation step, the measures to be chosen for assessment of 
vendors have to highlight long-term relationship such as financial stability, technical 
capability, supplier’s co-design effort, capabilities etc. (Araz and Ozkarahan, 2007). 
In supplier sorting phase, the limit profiles, which differentiate classes of suppliers, 
have an obvious sense as to what is needed to convert into a strategic partner of a 
nominee. Moreover, these necessities must be clarified to the vendors (Araz and 
Ozkarahan, 2007). Initially, the measures might deem quantitative as well as 
qualitative aspects. Afterwards, various decision-makers are very regularly 
comprised in the assessment procedure for supplier selection. Then, vagueness in 
practice generally affects decision-making. An escalating amount of supplier 
decisions has dynamic and unstructured character. Conditions are altering rapidly or 
they are vague and decision variables are complicated or not possible to calculate. 
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The last, the sorts of decision methods might be classified into compensatory and 
non-compensatory methods (Chen et al., 2006). The buying and source professionals 
undertake a strategic part when the buying expenditure of the firm is analyzed, the 
core and non-core vendors  is classified and, regarding to this information, 
distinguished vendor strategies are built up. After that, depending on the selected 
supplier strategy, buyers require being capable of homogenizing business procedures, 
instituting efficient information networks with their vendors and attempting for 
continuous improvement of supplier performance. Ultimately, these purchasing 
professionals require making effective substance supply from their vendors in time, 
at the right quality and quantity and at the lowest overall cost (Weele, 2005).  
2.4 Stages of Development in Supplier Relationships 
Essentially, consumers will not anymore pay for whatever companies are proposing. 
As a replacement for, they will look for and control their primary selections in goods 
and services. People attain control: they nowadays notify manufacturers what they 
desire, when they desire it, how they desire it, and what they are eager to pay. They 
ask for products and services considered for their sole and specific requirements 
(Weele, 2005). Therefore, every firm has to concentrate on solely a small number of 
main activities, which may bring and sustain a long-standing superior benefit. The 
company should outsource the remaining activities in which it cannot attain excellent 
position. Cost decrease, quality development, lead-time decrease, and innovation all 
at once can be contributed by assigning non-core activities out to specialized 
suppliers (Weele, 2005). However, this requires giving great attention to the 
suppliers and companies need to manage their relations with suppliers carefully. The 
supplier relationship management is a made of supplier monitoring, incorporation 
and improvement. It can be described as a procedure, which focuses on managing 
favored vendors, discovering new ones and concurrently decreasing costs 
(Przewosnik et al., 2006). Constructing leveraged buying and vendor classes, 
international sourcing and supplier incorporation and early vendor participation in 
new product development, mutual contracts and recompense compulsions, ecological 
subjects and business integrity are new developments in purchasing (Weele, 2005). 
In the various development models, another likeness is the development of supplier 
management. In the initial step, supplier management is perceived to be reactive 
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(opportunity driven). In the following step, it turns into more proactive (supplier 
performance improvement), and in the final step it turns into relationship 
management (partnership) (Weele, 2005). “In order to be effective a supplier strategy 
should be able to answer the following questions: 
• For which commodities should the number of suppliers be reduced? 
• For which commodities should the current number of suppliers be maintained? 
• For which commodities should the number of suppliers be increased? (Weele, 
2005). 
Supplier relationship management is a dynamic and continuous process. Companies 
should periodically assess the performances of the existing suppliers. According to 
results of evaluation, they should classify the suppliers into previously determined 
classes. Furthermore, supplier relationship management strives for exploiting the 
value of the source basis by supplying an incorporated and holistic set of 
management instruments concentrated on the relations of the producer with its 
vendors (Przewosnik et al., 2006). Rather than solely purchasing products or services 
from the suppliers as successfully and competently as possible, companies devote a 
lot of capital to include supply partners in several business procedures (Weele, 
2005). For example, companies try to include suppliers into new product 
development processes in recent years. The interaction with a vendor is concern of 
the supplier related research. “Questions to be addressed here include, for example: 
Will the supplier continue to be able to satisfy both future technical requirements and 
our requirements concerning reliable and flexible supply?” (Weele, 2005).  
The buying task in this definition involves particularly activities strived for:  
• Deciding the required (in terms of required quality and quantities) of the products 
and services that necessitate to be purchased,  
• Choosing the most appropriate vendor and improving processes and customs to 
determine the best vendor, 
• Arranging and managing bargains with the vendor for founding a deal and to 
inscribing the agreement, 
• Giving the order with the chosen vendor and/or to improve effective purchase 
order and conducting systems,  
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• Checking and inspection of the order to make source safe, 
• Tracking and assessment (resolving claims, updating good and vendor files up-
to-date, vendor rating and vendor rankings) (Weele, 2005). 
Companies are allowed by the contemporary information technology to develop their 
materials planning and procurement systems inside; however also in their 
relationships with vendors (Weele, 2005). Suppliers are given limited access to 
materials planning system of the buyers and they can see when they have to deliver 
their goods to the buyers. In order to succeed efficient integration, system 
standardization is a precondition. After that, vendors have to be flawlessly 
incorporated within these functions (Weele, 2005). Therefore, the ability of a vendor 
to connect the purchaser’s production and planning systems is converted into much 
higher apprehension in order to be able to approach models similar to total quality 
control, quick response logistics and just in time scheduling effectively (Weele, 
2005). 
An emerging trend nowadays exists that firms classify supplier bases into two or 
more groups in order to give flexible and competent supplying decisions such as 
competitive or collaborative and strategic partners, candidates for supplier 
development program or pruning suppliers (Araz and Ozkarahan, 2007). Weele 
(2005) asserts that supplier relationships commence with a buying division managing 
numerous vendors at arms length. In this step, companies monitor their suppliers; 
assess their performances according the relative missions. In the next step, number of 
vendors has been significantly reduced by relationships that are more intimate with a 
less number of vendors are able to improve (Weele, 2005). They will improve their 
relations from arms length to vertical integration with continuing to have close 
relations with the suppliers. They form supplier development programs for the 
promising suppliers. In this program, companies give feed back to the suppliers 
about what they can do better, how they can integrate their information technology. 
Furthermore, suppliers can suggest developments about buyer’s production process, 
product properties etc. As a result, both parts gain competitive advantage and a win-
win situation occurs.  
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2.5 Metrics for Supplier Evaluation 
Performance measurement means quantification of a company’s or segment’s 
efficiency or effectiveness in conducting business operations for the accounting 
period (http://www.answers.com/topic/performance-measurement). In order to 
evaluate effectiveness or efficiency, companies should have some reference points. 
These reference points are called performance metrics or criteria. Performance can 
be measured by calculating outputs of relative criteria. Otherwise, it would be 
unknown and therefore impossible what to evaluate.  
The supplier selection process is complicated, because different criteria should be 
taken into account in the decision-making process and the companies should find one 
or more selection techniques and use them appropriately (Przewosnik et al., 2006). 
Furthermore, criteria and their importance weights differ from company to company 
due to some variables such as in which industry they operate, what product they 
produce, etc. Criteria and measures are constructed to be pertinent to all the vendors 
being taken into account and to reveal the companies’ requirements and their 
sourcing and technology strategy (Kahraman et al., 2003). Therefore, companies 
should give special attention when they determine the criteria for supplier selection. 
Changing the requirements into suitable criteria might be complicated, because 
companies state their requirements as broad qualitative notions while companies 
should define the criteria as particular needs that can be quantitatively assessed 
(Kahraman et al., 2003). Otherwise, evaluation will be subjective and the results will 
be misleading. 
Researchers from business schools generally highlight philosophical subjects and 
concentrate on improving qualitative standards to lead management decision making. 
This is typified by the philosophy of matching business strategy with supply chain 
strategy. Alternatively, engineering researchers frequently regard supplier selection 
as an optimization problem and make an effort to construct mathematical concepts to 
find optimal answers (Huang and Keskar, 2007). Formulation of a goal function, 
characteristically cost minimization, is required if supplier selection is regarded as an 
optimization problem. However, it is not always possible to apply a mathematical 
solution to the supplier selection problems. Furthermore, while quantitative solutions 
cannot be supplied by strategic thinking, a scientifically optimal answer has no sense 
if it does not match up a firm’s business strategy (Huang and Keskar, 2007). The 
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omitted connection is a set of wide-ranging metrics that can be constructed 
depending on a firm’s business strategy to operate as a basis for creating a goal 
function to be optimized quantitatively (Huang and Keskar, 2007). OEMs’ business 
strategy should be reflected by the criteria used. A commonly pertinent decision 
making method with a permanent set of metrics is not possible to be generated, as 
different original equipment manufacturers have different business strategies for 
different products (Huang and Keskar, 2007). It is indicated that criteria should suit 
four features, explicitly, inclusiveness, universality, measurability, and consistency 
(Huang and Keskar, 2007). Inclusiveness means that criteria should cover all 
appropriate characteristics of the problem. Universality means criteria can be 
evaluated beneath several operating situations. Measurability means criteria can be 
measured with an appropriate scale. Finally, consistency means criteria should be 
reliable with organizational objective (Huang and Keskar, 2007.) Metrics have to be 
designed to augment supply chain profits and superior criteria should justify all 
issues that influence supply chain performance (Ha and Krishnan, 2008).  
Assessing the vendor from both objective and subjective criteria will acquire 
flexibility to the decision process. When a suppliers’ all functional divisions are 
considered, as all of those divisions are related to each other, so it can be simply 
stated  that all the criteria connected with the vendor selection should have impacts 
among the criteria groups (Gencer and Gürpinar, 2007). 
Metrics Collection and Definition: An inclusive list of supply chain criteria is 
composed through widespread literature review containing web based information 
sources. Every criterion is described so that meaning and measures are obviously 
apprehended. Multifunctional cooperation inside a company provides the efficient 
metrics in order to evaluate and score. Cooperation among purchasing, 
manufacturing, engineering, and planning is much more likely to identify and 
develop correct criteria. Cooperation should maintain further than criteria 
formulation, to the procurement of material and, to the assessment of vendor 
performance. Supplier selection cooperation will progress if all employees become 
decisive, whereby together, they select competent supply chain associates (Ha and 
Krishnan, 2008).  
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Metrics Evaluation and Categorization: Every criterion is assessed depending on its 
attributes, such as qualitative or quantitative, strategic or operational. Moreover, 
assessment also depends on whether vagueness is included.  
Relevancy and Repetition Check: Every group is appraised to make certain that all 
the criteria are pertinent. Unnecessary ones are abolished. 
Structure Development: Inside every group, relationships between the criteria are 
instituted via interpretive structural modeling. Levels created in interpretive 
structural modeling are used to partition the metrics into three levels (A–C) that 
match the three types of original equipment manufacturer/supplier integration 
mechanism (no integration, operational integration, and strategic partnership) (Huang 
and Keskar, 2007).   
Performance measurement traditionally is concentrated mainly on cost and delivery 
performance of the vendors. A study of the cost configuration of producer firms 
instantly illustrates the significance of buying to companies. Usually the major ratio 
of the cost of goods sold seems to be increased by purchased materials (Weele, 
2005). Even though there are various criteria to be considered while evaluating 
suppliers, Weele (2005) claims that cost minimization is used as a principal 
performance measure for evaluating purchasing whole efficiency. In other words, 
conventional supplier assessment concepts, however, primarily considered financial 
metrics in the decision making process (Ha and Krishnan, 2008). Generally, the 
vendors operate intimately together with the customer’s technical and marketing 
employees to decrease the goods’ total costs and insert new designs or aspects to the 
goods, which are appealing for the consumers (Weele, 2005). Therefore, considering 
cost as the only or the most important criteria can be deceptive. Companies can 
overlook other important factors, which should be considered while assessing the 
performance. Securing supply from consistent vendors at reliable quality at rational 
cost is the main mission of purchasing (Weele, 2005). Purchasing requires ensuring 
that goods and services are obtained at the lowest total cost of ownership (Weele, 
2005). Preferably, the firm has to stay away from being too reliant on solely a few 
vendors, both in terms of supply and technology (Weele, 2005). More and more, 
quality products that are customized to personal requirements and preferences are 
asked for by consumers (Weele, 2005). Source is intended at the optimization of both 
the ordering process and the incoming materials flow. Purchasing requests, order 
 19
processing and accelerating, and development of effective, computer-based order 
customs with regard to the order-to-pay cycle are being handled by purchasing 
(Weele, 2005). Through the recent few years, many firms have concentrated on their 
supply strategy on decreasing the number of vendors. Nonetheless, clearly this 
cannot eternally continue. Decreasing the number of vendors should not ever be 
taken into account as an objective in itself. Instead, it has to be perceived as a tool to 
decrease cost and/or complication (Weele, 2005). 
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3.  DECISION THEORY 
Decision theory, as a specific area of operations research, is the procedure of 
identifying a difficult or chance, specifying options and metrics, assessing options, 
and choosing an ideal option from among the potential ones. A definition of decision 
theory is given as: 
“Decision theory is a body of knowledge and related analytical techniques of 
different degrees of formality designed to help a decision maker choose among a set 
of alternatives in light of their possible consequences.” (Chen, 2005). 
Plentiful compilations of methods and processes to expose preferences and to present 
them into models of decision are offered by decision theory. Decision theory 
presumes the intentions are described, the options are originated, and the 
consequences are evaluated. Therefore, it is not concerned with them. Simple process 
for decision is theoretically proposed by decision theory in conditions of given a set 
of options, a set of results, and a connection among those sets (Chen, 2005). 
3.1 Categories of Decision-Making 
Decision-making is a typical duty in people based actions. Discovering the best 
alternative from a possible set is included (Herrara et al., 1995). There are numerous 
methods to classify decision-making problems. 
3.1.1 By the information available 
People make decisions with considering several variables. One of the most important 
variables is information that is gathered during decision process. Decisions can be 
classified according the type of information available. By the information available, 
we have decision under certainty, decision under risk, and decision under uncertainty 
(Chen, 2005).  
Decision under certainty means that every option directs to one and solely one result 
and a selection between options is same as a selection between results (Chen, 2005). 
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Decision maker selects the result more than option when decision is under certainty. 
Consequences of the decision are exactly predictable and foreseen. Data set, which 
helps to make a decision, is constant or changes of it can be easily calculated. A 
single-attribute or multi-attribute value function that presents arranging on the set of 
results and sorts the options at the same time pretends the decision maker’s 
preferences in a decision situation under certainty (Chen, 2005).   
Decision under risk is defined as every option will have one of some potential 
results, and the possibility of incident for every result is acknowledged. Thus, every 
option is connected with a possibility distribution, and a selection between possibility 
distributions. Decision theory for risk situations is based on the concept of utility 
theory (Chen, 2005). In this case, decision maker cannot be sure what the decision 
will result. He has to take risk to reach desired solution when he makes a decision.  
When the probability distributions are unknown, one speaks about decision under 
uncertainty (Chen, 2005). In this situation, the result of the decision is vague and 
unpredictable. Decision depends only on instincts of the decision maker and 
reliability of the decision is related to experience of the decision maker.   
3.1.2 By the properties of the problem 
Properties of a decision-making problem are related to number of the criteria, 
objectives, and decision makers. By the properties of the problem, there are Multiple 
Criteria Decision Making (MCDM), Multiple Objective Decision Making (MODM), 
and Multiple Experts Decision Making (MEDM) (Chen, 2005). In some decision 
problems, these three categories of decision-making may intersect.  
3.1.3 Other category methods 
By the number of decision makers, these are generally categorized into single person, 
two-person and n-person (n>2) (group decision making) systems (Chen, 2005). 
According to the significance tasks of decision makers, there are heterogeneous and 
homogenous group decisions making. Heterogeneous group decision-making 
atmosphere permits the views of individuals to have dissimilar weights, while 
homogenous not (Chen, 2005). In real life, most of the group decision-making 
situations are heterogeneous due to fact that companies have a hierarchic structure. 
Therefore, effects to the decision of individuals in the group differ. It is indicated that 
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every individual is evaluated as a subgroup, where the influence of an individual 
reveals the comparative volume of the subgroup, and reveals the importance of the 
individual in other words hierarchic position in the group (Chen, 2005). Supplier 
selection can be defined as heterogeneous group decision-making problem in nature.  
By the number of stages, it might generally be analyzed one-stage and multi-stage 
decision-making. One-stage systems are motionless in character and solely one-step 
decisions are taken into account. Multi-stage systems are vigorous systems, and 
decisions are executed in numerous steps. As explained in section 2, supplier 
selection problem involves several steps such as determining criteria, assigning 
importance weights to the criteria, assessing performance of suppliers regarding 
relative criteria and selecting the suitable suppliers.  
By the preference information, hard decision systems and soft decision systems exist. 
Hard decision systems utilize exact and decisive numeric figures and typical 
mathematical techniques, more usually, quantitative techniques. Soft decision 
systems utilize qualitative techniques, which in reality indicate the utilization of 
vague and linguistic variables and linguistic analysis. Soft computing (SC) contains 
fuzzy systems, neural networks, probabilistic analysis and evolutionary computing, 
inter alias. In the computer environment, these elements can deal with vagueness, 
erudition, ambiguity, and optimization. Imitating human linguistic analysis with a 
computer is the most important objective of SC. By advantage of SC, quantitative 
and qualitative techniques in combination within decision-making can be utilized. 
Therefore, decision-making utilizing SC can be implied as well by soft decision-
making (Chen, 2005). 
3.2 Multiple Criteria Decision Making 
The examination of the approach people take decisions or the approach people have 
to take decisions is possibly as old as the kept history of the humanity. Certainly not 
all these examinations were distinguished by the precise scientific ways, which are 
seen in the literature at present. Hence, it is unexpected that the literature in decision-
making is enormous and constantly augmenting (Triantaphyllou, 2000). 
Simultaneously, nevertheless, the progress of the ideal decision making technique for 
logical real life decision-making even now continues an intangible objective. This 
disagreement among the richness of the study on this issue and the imprecision of the 
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ultimate objective of the real life applicability of the conclusions comprises in a way 
the ultimate decision making contradiction (Triantaphyllou, 2000).  
Choice of strategic vendors from an outsized number of feasible vendors with several 
stages of abilities and possibility is essentially a MCDM problem. MCDM is one of 
the most extensively utilized techniques in the decision-making field. The goal of 
MCDM is to choose the most excellent option from various commonly elite options 
derived from their usual performance concerning several and most of the time 
conflicting metrics (or attributes) considered by the decision maker (Araz and 
Ozkarahan, 2007). Many of MCDM methods have some features in common, even 
though they might be extensively distinct. These are the notions of options and 
aspects (Triantaphyllou, 2000). Generally, options characterize the various 
preferences action accessible to the decision maker. The set of options is presumed to 
be limited ranging from numerous to hundreds. Companies assume suppliers to be 
monitored, prioritized, and finally sorted. Every MCDM problem is connected with 
multiple characteristics (Triantaphyllou, 2000). Based on the kind and the attributes 
of the problem a number of MCDM techniques have been improved such as simple 
additive weighting method, Analytic Hierarchical Process (AHP) method, outranking 
methods, maximizing methods, and lexicographic methods (Chen, 2005). The 
MCDM methods utilized for supplier selection will be referred in Section 4. 
3.3 Multiple Objective Decision Making 
In MODM the decision maker requires to reach more than one purpose or aim in 
choosing the way of action while assuring the restraints ordered by surroundings, 
procedures, and sources. The goals should be calculable, even if the measurement is 
executed solely at the nominal scale and their results should be calculated for each 
decision option (Brauers, 2008). This problem is generally known as a vector 
maximum problem (VMP) as well (Chen, 2005). In order to resolve the VMP, two 
methods exist. The primary method is to optimize one of the goals while attaching 
the other goals to a restraint set so that the optimal result would assure these goals as 
a minimum up to a prearranged level. This technique needs the decision-maker to 
sort the goals in order of significance. The ideal result attained by this approach is 
one that maximizes the goals commencing with the most significant and happening 
depending on the order of significance of the goals (Chen, 2005). 
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The next method is to optimize a super-goal function formed by multiplying every 
goal function with a feasible weight and after that by summing them together. One 
well-known method in this group is goal programming that needs the decision maker 
to decide aims for every preferred goal. An ideal result is than described as the one, 
which minimizes the deviations from the determined objectives (Chen, 2005). 
3.4 Group Decision-Making 
Group decision-making (GDM) has become important because of the complication 
of contemporary real life decisions, which include complicated social, economical, 
technological, and political and many other vital domains. A GDM procedure might 
be described as a decision condition in which two or more individuals that vary in 
their first choices (value systems). Every of them typified by his or her own opinions, 
behaviors, inspirations, and characters who identify the subsistence of a mutual 
problem and try to attain a cooperative decision (Herrera et al., 1995). People take a 
group decision when they stand in front of a mutual problem and they are all 
involved in its solution and an significant feature of group decision is that all 
interested individuals fit into some organization (family, company, government) 
(López and González, 2003). Most of the time, a common solution which correspond 
to the individual views should be derived from group of decision makers (Chen, 
2005). Because if decision includes different aspects, then experts of every aspect 
can make more accurate decisions than one individual can make. Such group 
decisions generally contain multiple criteria complemented by multiple attributes. 
Obviously, the complication of MCDM supports group decision as an approach to 
merge interdisciplinary proficiencies and develop managing of the decision process 
(Chen, 2005). The theory and practice of multiple objectives and multiple attribute 
decision making for one decision maker has been examined widely since 30 years. 
Nonetheless, expanding this methodology to GDM is difficult. This is because of the 
complication presented by the contradictory opinions of the decision makers, and 
their changeable importance or weight in the decision process (Chen, 2005). MCDM 
and GDM have similarities according to this aspect. MCDM have conflicting criteria, 
their importance is changeable as individual in-group decision making have 
conflicting ideas, and effect of individual in-group decision differs due to their 
importance weight.  
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Furthermore, the problem of GDM is complex due to various extra features. 
Generally, one assumes such a decision model to pursue an exact mathematical 
technique. Such a model may implement reliability and accuracy to the decision 
made. Decision makers, nevertheless, are very unwilling to pursue a decision made 
by a formal model, if they are not sure in the model notions and techniques. Most of 
the time, the contribution to such a decision model can be measured inaccurately, 
inconsistent with the supposed precision of the model. Instinctively, the action of 
optimization of the group decision – as a mathematical model would execute, is 
paradoxical to the perception of compromise and a group concurrence (Chen, 2005). 
The advantages of Group decision-making nevertheless, are various rationalizing the 
supplementary endeavor needed. Some of the advantages are: 
• Better learning. Groups are better than individuals are at understanding problems. 
• Accountability. People are held accountable for decision in which they 
participate. 
• Fact screening. Groups are better than individuals are at catching errors. 
• More knowledge. A group has more knowledge than any one person does. 
Groups may merge this information to generate new knowledge. More and more 
creative alternatives for problem solving can be created, and better solutions can 
be derived. 
• Synergy. The problem solving process may generate better synergy and 
communication among the parties involved. 
• Creativity. Working in a group may stimulate the creativity of the participants. 
• Commitment. Many times, group members have their egos embedded in the 
decision, and so they will be more committed to the solution. 
• Risk propensity is balanced. Groups moderate high-risk takers and encourage 
conservatives (Chen, 2005). 
The performance of a company is generally evaluated in means of multiple criteria 
utilizing a group of expert panels. GDM problems consist in finding the best options 
from a set of suitable options { }nxxX ,......,1=  depending on the inclinations 
supplied by a group of experts { }mee ,......,1=Ε  (Viedma et al., 2007). Two 
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differences might be taken into account when decisions, which are taken by more 
than one person, are formed. First, the objectives of the individual decision makers 
can vary such that each consigns a distinct sorting on the options; second, the 
individual decision makers can have approach to dissimilar information upon which 
to establish their decision. “Theories known as n-person game theories deal with both 
of these considerations, team theories of decision making deal only with the second, 
and group decision theories deal only with the first.” (Bozdag et al., 2003). When a 
decision condition includes more than one decision maker, each with dissimilar 
beliefs and informational systems, the ultimate decision will usually be the 
consequence of a relation among this individual’s choices and those of others. This 
relation is not out of contradiction, which might be because of any of a number of 
issues, e.g. dissimilar moral or ideological values, distinct explicit goals, or 
dissimilar functions inside organization. Whatever the source of the contradictory 
belief systems, they will generally influence the progression of the decision 
procedure in ways that were not predictable at the outset (López and González, 
2003). Generally, GDM problems are confronted by approaching two dissimilar 
processes prior to an ultimate result can be obtained: 1) the consensus process and 2) 
the selection process. The comprise procedure submits to how to attain the maximum 
degree of accord or concurrence among the group of experts. Generally, a human 
figure named moderator leads the consensus process. The choice procedure attains 
the ultimate result based on the preferences specified by the experts. It includes two 
distinct steps: collection of individual preferences and utilization of the communal 
choice. Obviously, it is rather that the experts had sustained a high rank of consensus 
regarding their choices before approaching the selection procedure (Viedma et al., 
2007). Contradiction permanently happens in GDM from the time when members in 
a group usually cannot attain the identical decision (Cheng, 1999). The group is 
expected to concur on the options, metrics, results, importance, limits, and 
outstanding factors before the model supplies a sorting (López and González, 2003). 
Furthermore, the group discussion concentrates on what actions and metrics have to 
be taken into account, what weight, and additional essential factors are suitable. After 
the argument is finished and all the individual data has been collected, a method is 
utilized for attaining values of these technique factors, which have to indicate the 
shared judgment. With this information, group decision sorting has been gathered by 
the MCDM technique (López and González, 2003). Identifying the set of possible 
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outcomes requires a group consensus, even though members can trade views and 
pertinent information. Every member describes his own metrics, the suitable 
assessments and technique factors (importance, limits, etc.), and after that the multi-
criteria decision aid technique is utilized to obtain an individual ranking. Then, every 
member is taken into account as a discrete metric, and the privileged information 
enclosed in its specific ranking is collected in an ultimate combined ordering with the 
similar multi-criteria decision approach (López and González, 2003).  
3.4.1 The linguistic approach in group decision making 
The linguistic method considers the variables, which contribute in the problem 
evaluated by means of linguistic expressions in preference to algebraic values. This 
method is suitable for a lot of problems, ever since it permits a demonstration of the 
experts’ information in a more straight and sufficient way, whether they are unable 
of stating that with accuracy (Herrera et al., 1995). The linguistic method helps 
individuals express their choice or preferences by words. Utilizing linguistic 
variables is more appropriate while criteria cannot be measured quantitatively. A 
linguistic variable varies from a algebraic variable in that its values are not numbers; 
they are words or sentences in a natural or artificial language (Herrera et al., 1995). 
A linguistic variable is connected with two rules:  
A syntactic rule, which may be given in the way of a grammar for creating the names 
of the values of the variable, and 
A semantic rule, which describes an algorithmic process for calculating the meaning 
of every value (Herrera et al., 1995).  
A linguistic variable is characterized by a quintuple ( )( )MG,U,,HTH,  in which H is 
the name of the variable; ( )HT  (or simply T) denotes the term set of H, i.e., the set of 
names of linguistic values of H, with each value being a fuzzy variable denoted 
generically by X and ranging across a universe of discourse U which is associated 
with the base variable u; G is a syntactic rule (which usually takes the form of a 
grammar) for generating the names of values of H, and M is a semantic rule for 
associating its meaning with each H, M(X), which is a fuzzy subset of U. Usually, 
the semantic of the elements of the term set is given by fuzzy numbers defined on the 
[ ]1,0  interval, which are described by membership functions (Herrera et al., 1995).   
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Let { }isS = , iЄ { }TH ,....,0=  be a finite and totally ordered term set on [ ]1,0  in the 
usual sense. Any label is  represents a possible value for a linguistic real variable, 
i.e., a vague property or constraint on [ ]1,0 . We consider the term set with an odd 
cardinal, where the middle label represents an uncertainty of “approximately 0.5” 
and the remaining terms are placed symmetrically around it. Moreover, we require 
the following properties for the term set:  
The set is ordered: ≥is  js  if i ≥  j. 
The negotiation operator is defined: Neg( is ) = js  such that j=T – i . 
Maximization operator: Max( is , js ) = is  if  ≥is  js . 
Minimization operator: Min( is , js ) = is  if is  js≤  (Herrera et al., 1995). 
3.4.2 Aggregating individual preferences into group decision making 
In our personal lives, we face some situations to evaluate different opinions of 
different people. We try to consider everyone’s opinion before final decision. 
However, in business life, decision should be based on systematic models. Therefore, 
MCDM and MEDM are two rich and well-studied problem solving methods 
generally intended for ranking of options. Both methods gather grades given by an 
expert to every option. Grades are given with correlation with chosen metric into one 
grade, which symbolizes the complete performance of that option. This solution 
method permits sorting of the options, with the most favored one sorted at the top 
(Chen, 2005). 
3.4.2.1 Crisp average aggregation 
For crisp aggregation, average is the most utilized method. An aggregation operator 
F is a mapping of Xn =(x1,…,xn) with dimension n to one dimension of X, that is: X 
n → X The input vector Xn and the output result X here could be linguistic labels 
and/or crisp numbers. Generally, we also have a weighting vector W= (w1,…,wn) 
associated with Xn. Also W could be either linguistic or numeric values (Chen, 
2005). Even just average, there are many approaches. Bullen et al. (1988) 
summarized it in a general format as: 
 30
We can see that with α = 1, it is the most popular arithmetic mean 
Also given α → 0 or α → −1, we can get the geometric mean and harmonic mean 
Klir (1995), Yuan (1991) and Zimmermann and Sebastian (1996) prove that the three 
averages have the following relation: 
 
More general, Bullen et al., (1988) gives another aggregation formula: 
from which formula below can be obtained by substituted ( ) .0,, ≠∈= ααα Rxxh  
By adding weights, the formula can be: 
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After that, the arithmetic mean, geometric mean, and harmonic mean changed to: 
3.4.2.2 The ordered weighted averaging operator 
Yager developed ordered weighted average operator in 1983 (Chen, 2005). The 
OWA operator is defined as: 
Where bi  is the ith largest element in the collection of nxxx ,......,, 21 . 
By choosing different weighting vectors, OWA gets different aggregated result. The 
range the OWA covers varies from min to max. For example, the following three 
particular weight vectors generate min, arithmetic average, and max operators 
respectively (Chen, 2005).  
( ) ∑
=
=
n
i ii
xwx
11
F  (3.8) 
( ) ∏
=
=
n
i
w
i
ixxw
1
0F  (3.9) 
( )
∑
=
−
=
n
i ii
xw
x
1
1
1Fw  (3.10) 
( ) nnn bwbwbwxxxF +++= ....,......,, 221121  (3.11) 
( )T1,0,...,0,0*W =  (3.12) 
( ) ( )jjn xMinxxxF =,......,. 21  (3.13) 
( )T1,1,....,1,1*W nnnn=  (3.14) 
( ) ∑= n jn xnxxxF
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,......,' 21  (3.15) 
( )T0,0,...,0,1*W =  (3.16) 
( ) ( )jjn xMaxxxxF =,......,' 21  (3.17) 
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Yager introduced another orness measure for OWA operator:  
The orness value reflects the degree of optimism of decision makers. The larger the 
orness, the more optimistic the decision makers are. OWA operators allow us 
through an appropriate selection of parameters, the so-called OWA weights, to model 
any degree of orness between 0 (corresponding to a pure and) and 1 (corresponding 
to a pure or). Since min and max evaluate the quantifiers ∀ (for all) and ∃ (at least 
one), respectively, the OWA operators essentially extend the space of quantifiers 
from the pair { }∃∀,  to the interval [ ]∃∀,  (Chen, 2005). For example,  
Also, for symmetric OWA operators with property of 5.0:1 ==+− αjjn ww . 
3.4.2.3 The linguistic ordered weighted averaging operator 
A mapping F, [ ] →nF 1,0: [ ]1,0  is called an OWA operator of dimension n if 
associated with F is a weighting vector W, [ ]nwwW ,......1= , such that, 1w  Є [ ]1,0 , 
∑ =i iw 1, and ( ) nnn bwbwbwaaF ⋅++⋅+⋅= .......,....., 22111 , where bi is the ith 
largest element in the collection naa ,.....,1 . Denoting B as the vector consisting of the 
arguments of F put in descending order,  
provides an aggregation type operator that always lies between the “and” and the 
“or” aggregation (Herrera et al., 1995). This operator can be extended to linguistic 
arguments using the convex combination of linguistic labels. In fact let M be a 
( ) ( )[ ]∑
=
×−
−
=
n
i
iwn
n
Worness
1
1
1
1
 (3.18) 
[ ]( ) 01....00 =orness  (3.19) 
[ ]( ) 5.01...11 =nnnorness  (3.20) 
[ ]( ) 10....10 =orness  (3.21) 
( ) Tn BWaaF .,.....,1 =  (3.22) 
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collection of linguistic labels, kp  Є M, k=1,....,m, and assume 11 ppp mm ≤≤ −  
without loss of generality (Herrara et al., 2005). Herrara et al., (2005) define that for 
any set of coefficients { kλ Є [ ]1,0 , k=1,2,....,m, }∑ = 1kλ the convex combination of 
these m generalized labels is the one given by 
 
An example to clarify of this operation is the following. 
Example 3.1 Suppose the term set:  
{ }IsEUsVLCsSCsIMsMCsMLsELsCsS ========== 012345678 ,,,,,,,,
and ,4.0=λ  
Table 3.1: Variables of example 3.1  
SC VLC C EL
ML IM IM EL EL
I VLC EU MC IM
IM SC SC ML ML
VLC SC VLC ML MC
4,0=λ
6,01 =− λ
 
where, for example:  
  ( ( ) ){ }3,6*4,03,8min11 roundk += = 4 (IM) 
  ( )( ){ } =−+= 03*6,00,8min21 roundk  2 (VLC) 
Therefore, the LOWA operator can be defined as 
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where ∑ ==
m
khh mhww 2 ,.....,2,/β , and B is the associated ordered label vector. 
Each element Bbi ∈ is the i-th largest label in the collection a1,……..,am (Herrara et al., 
2005). 
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3.4.2.4 The linguistic weighted  geometric averaging operator 
Assessments of people generally rely on personal psychological features such as 
knowledge, wisdom, condition, feelings, and so forth. Expressing their choices by 
means of linguistic variables instead of numerical ones (for example when assessing 
the appearance or security of a car, terms like nice, enough, excellent, bad might be 
utilized) is more appropriate. Depending on other weighted geometric averaging 
operators, a new aggregation operator shall be introduced. It can be utilized to adapt 
the conditions where the input data are linguistic variables (Xu, 2004). Let { }isS =  
( )t,....,1 be a finite and totally ordered discrete term set.  
For example, S can be defined so as its elements are uniformly distributed on a scale 
on which a total order is defined:  
To preserve all the given information, we extend the discrete term set S to a 
continuous linguistic term set [ ]{ }tssssS t ,1,1 ∈≤<= ααα , where, if αs ∈  S, then 
we call αs  the original linguistic term, otherwise, we call αs  the virtual linguistic 
term (Xu, 2004).  
Consider any two linguistic term αs , Ss ∈β , and [ ]1,0,, 21 ∈µµµ , we define some 
operational laws as follows:  
• ( ) µαµα ss = ; 
• ( ) ( ) ( ) 2121 µµαµαµα +=⊗ sss ; 
• ( ) µβµαµβα )()( ssss ⊗=⊗ ; 
• αβαββα sssss =⊗=⊗  (Xu, 2004). 
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linguistic weighted geometric averaging operator (Xu, 2004).  
Example 3.2 Assume ( ) ,2.0,4.0,1.0,3.0 T=w then 
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( ) ( ) ( ) ( ) ααααααα sssssssLWGA nwnwwnw =⊗⊗⊗= ...,...,, 221121
 (3.27) 
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4.  METHODS USED IN SUPPLIER SELECTION AND EVALUATION 
4.1 Review of The Methods in The Literature 
Since the years, for the efficient assessment and choice of suppliers, numerous 
multiple criteria methods have been suggested. In the literature, various vendor 
selection criteria are utilized to differ in distinct conditions, and experts have the 
same opinion that there is no one best approach to assess, choose vendors and that 
organizations utilize a variety of dissimilar methods in their assessment processes 
(Ha and Krishnan, 2008). Since there is no best way to assess and choose vendor, 
companies utilizes a variety of distinct techniques to cope with it (Chen et al., 2006). 
Figure 4.1 shows some methods applied to supplier selection problems. Every 
company should select the appropriate technique and relevant criteria and suitable 
decision method. Nevertheless, a reasonable technique is obligatory to obtain the 
individual preferences impartially for optimizing the decision result, when a decision 
is extremely complicated together with personal interests and emotional features. 
Thus, the most significant factor in the process of vendor decision is to utilize a 
appropriate technique to choose the right vendor (Chen et al., 2006). Therefore, 
before approaching a technique companies should review all existing methods and 
try to select the suitable one. When evaluating and reviewing decision models for 
supplier selection the following properties are worth considering.  
• The number of criteria and their nature. 
• The interrelatedness of decisions. 
• The type of decision rule used. 
• The number of decision makers. 
• The various types of uncertainty (De Boer et al., 1998).  
Modern operations research (OR) present a variety of models and methods that can 
assist the purchasing decision maker in coping with the augmented difficulty and 
significance of his/her decisions. Examples of such techniques are multi-criteria 
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decision aid, problem structuring approaches, mathematical programming, and data 
mining techniques (De Boer et al., 2001). 
 
Figure 4.1: Several analytical methods for supplier selection from Ha and 
Krishnan (2008) 
OR-models might improve the effectiveness of purchasing decision making by: 
• aiding the purchaser in solving the ‘right problem', e.g. refraining from dropping 
a supplier when the delivery problems are actually caused by feeding the supplier 
with outdated information;  
• aiding the purchaser in taking more and relevant alternatives criteria into account 
when making purchasing (management) decisions, e.g. more long-term 
considerations when deciding on make-or-buy; 
• aiding the purchaser to more precisely model the decision situation, e.g. dealing 
specifically with  intangible factors and group decision making (De Boer et al., 
2001).  
In addition, OR-models may improve the efficiency of purchasing decision making 
by: 
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• enabling automated and faster computation and analysis of decision making 
information, e.g. data on suppliers found on the internet; 
• enabling more efficient storage of purchasing decision making processes and 
access to this information in future cases, e.g. saving files that contain criteria-
structures for supplier evaluation; 
• eliminating redundant criteria and alternatives from the decision or evaluation 
process, e.g. in extensive and expensive supplier audit programs; 
• facilitating more efficient communication about and justification of the outcome 
of decision-making processes, e.g. when reporting to management or suppliers. 
(De Boer et al., 2001).  
4.1.1 Categorical methods 
Principally, categorical methods are qualitative models. Existing or known vendors 
are assessed on a set of criteria depending on historical data and the buyer's 
knowledge (De Boer et al., 2001). They are simple to understand and solutions can 
be collected fast. Implementation of categorical method needs a little effort and 
therefore, it is cheap to implement. The assessments in fact are composed of 
classifying the vendor’s performance on a criterion as positive, neutral, or negative 
(De Boer et al., 2001). Once a vendor has been rated on all criteria, the buyer 
provides a whole rating, once more through marking one of the three alternatives. 
Thus, vendors are ranked into three categories (De Boer et al., 2001). Nevertheless, 
since it is qualitative, it might give subjective and imprecise results. 
4.1.2 Data envelope analysis 
Data envelope analysis (DEA) is constructed roughly the idea of the efficiency of a 
decision option. The options are assessed on profit metric (output) and cost metric 
(input). The competence of an option (e.g. a supplier) is described as the ratio of the 
weighted sum of its outputs (i.e. the performance of the supplier) to the weighted 
sum of its inputs (i.e. the costs of using the supplier) (De Boer et al., 2001).. 
Although DEA is often utilized in literature for supplier selection, it disregards 
uncertain and vague aspects of supplier selection. DEA needs crisp numbers as input 
and output in order to calculate efficiency. For every vendor, the DEA technique 
places the most beneficial set of weights that maximizes the vendor's efficiency 
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rating without making its own or any other supplier's rating greater than one. Thus, 
the DEA technique helps the buyer in classifying the vendors (or their early offers) 
into two classes: the efficient vendors and the inefficient vendors (De Boer et al., 
2001).  
4.1.3 Cluster analysis 
Cluster analysis (CA) is a simple technique from statistics, which utilizes a 
categorization algorithm. It helps to classify a number of items which are defined by 
a set of arithmetic feature grades into a number of groups such that the diversity 
among items within a cluster are minimal and the dissimilarities among items from 
diverse clusters are maximal (De Boer et al., 2001). Clearly, CA can as well be 
utilized for a group of vendors that are defined by grades on various metrics. The 
solution is a categorization of vendors in clusters of analogous (De Boer et al., 2001). 
CA is suitable for initial steps of supplier selection and qualification. 
4.1.4 Case based reasoning system 
Case based reasoning (CBR) systems are considered in the group of the alleged 
artificial intelligence (AI) method. Principally, a CBR system is software based 
database, which supplies a decision-maker with helpful data and knowledge from 
comparable, preceding decision conditions. CBR is a recently developed method; 
therefore it has been utilized solely in a few case for purchasing decision-making (De 
Boer et al., 2001). 
4.1.5 Linear weighting models 
In linear weighting methods the criteria have been assigned weights, the bigger 
weight the criterion has, and the higher significance the criterion has. In order to 
acquire a single number for every vendor, scores on the criteria are multiplied by 
their weights and summed. The vendor with the maximum total score can 
subsequently be chosen. Since 10 to 15 years a broad range of somewhat distinct 
linear weighting techniques have been proposed for vendor selection (De Boer et al., 
2001). 
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4.1.5.1 Outranking methods 
Outranking methods concentrate on pair wise comparisons of options, and they are 
therefore usually utilized to distinct selection problems. Outranking methods 
generally utilize imprecise inputs. An initial version relates to the compensatory 
character of the simple linear weighting method. In a compensatory method, a high 
score on one metric can counterweigh a low score on a different metric, whereas in 
non-compensatory methods dissimilar minimum ranks for every metric are needed. 
According to Sarkar and Moffet (2006) if independence can be presumed, the 
outranking approaches such as ELECTRE III, PROMETHEE I shows potential. The 
outranking technique proposed by De Boer et al. (1998) can be defined as quasi-
compensatory. This technique between further things permits the purchaser to 
identify limits in advance to the recompense for bad grades on one or more criteria. 
A technique is proposed in the literature that its rating technique to be non-
compensatory because it does not unite ratings on distinct metrics into one overall 
rating, but only supply discrete information to the decision maker (De Boer et al., 
2001). Nevertheless, this looks not to provide sufficient guidance in the realistic case 
execution of their technique, where they even now advise assigning weights to the 
dissimilar criteria. Two techniques are initiated for dividing orders between vendors 
that obtain the same maximum score, comprises a second version. Furthermore, a 
significant number of versions have been proposed for making linear weighting 
models better able to cope with the vagueness and ambiguity that unavoidably 
contains vendor selection in reality (De Boer et al., 2001). It is suggested that a 
simulation-based method to account for vagueness with regard to the requirement for 
the product or service bought (De Boer et al., 2001). Use of outranking methods 
allows the choice of a few number of appealing vendors rooted in comparatively 
narrow information (De Boer et al., 1998). Outranking approaches are also applied in 
different areas. Rogers and Bruen (1998) utilize ELECTRE III for weighting 
environmental criteria. Araz and Ozkarahan (2007) offer PROMETHEE based 
method PROMSORT for supplier selection and evaluation. 
4.1.5.2 Analytic hierarchy process and analytic network process 
Several modified techniques particularly comprise the ambiguity of the score 
mechanism itself. With ambiguity, the complexity of deciding the grade of a vendor 
on a metric or the significance of several criteria with a high degree of accuracy has 
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been referred to. It supposed that the use of the analytic hierarchy process (AHP) to 
cope with ambiguity in vendor selection. Briefly, AHP avoids the complicatedness of 
having to supply point guesses for metrics weights as well as performance grades in 
the simple linear weighting technique (De Boer et al., 2001). As an alternative, 
utilizing AHP the purchaser is solely needed to provide oral, qualitative statements 
concerning the comparative significance of one criterion against another criterion 
and likewise concerning the comparative choice for one vendor against another on a 
criterion. It is suggested that the utilization of the analytical network process (ANP), 
a more complicated adaptation of AHP, for vendor choice (De Boer et al., 2001). It is 
utilized such pair wise comparisons as well between vendors, quantifying every 
criterion in terms of its particular unit of analysis (De Boer et al., 2001).  
4.1.6 Fuzzy set theory 
In literature, numerous writers propose to use fuzzy sets theory (FST) to form 
vagueness and ambiguity in vendor selection problems (De Boer et al., 2001). The 
probability models have not been very suitable in many situations, because of the 
constraints on the information and on the situation are very high and that many actual 
world situations are vague by nature and not casual (Cheng, 1999). Usually, vendor 
choice situations adhere to vague and fuzzy data and fuzzy-set theory is appropriate 
to cope with them. The utilization of linguistic variables in decision situations is very 
useful when performance scores cannot be stated by means of arithmetical values. 
That is to say, very frequently, in evaluating of probable vendors with regard to 
metrics and significance weights, it is suitable to utilize linguistic variables rather 
than numerical values. In many cases, crisp data are ineffective to model real-life 
problems. Since human assessments, containing preferences are generally uncertain 
and cannot measure his preference with a precise numerical value. A more rational 
method may be to utilize linguistic variables instead of numerical values (Chen et al., 
2006). In brief, FST suggests a mathematically accurate way of modeling uncertain 
preferences for example when it comes to assign weights of performance values on 
criteria. FST allows decision makers to define an assertion mathematically like 
‘criterion X should have a weight of around 0.8’ (De Boer et al., 2001). Variables are 
generally supplied by experts or decision makers, and are therefore, innately 
personal. Utilization of fuzzy sets in representation of these variables assures that as 
much as probable of pertinent data is utilized. The surer the expert is, the less 
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vagueness is appointed to the fuzzy number (Prodanovic and Simonovic, 2003). FST 
can be united with other methods to enhance the superiority of the ultimate 
instruments. Anagnostopoulos et al., (2008) suggest a linguistic multiple criteria 
analysis system integrating fuzzy set theory for location site selection. A method is 
constructed that merges the utilization of fuzzy set with AHP and applies it to assess 
small vendors in the engineering and machine industries (De Boer et al., 2001). In a 
following improvement of the study, it is concentrated on the design procedure of 
such vendor assessment method, indicating to the benefits and the drawbacks of 
utilizing hybrid models of techniques (De Boer et al., 2001).  
4.1.7 Mathematical programming models 
Given an adequate decision situation, MP permits the decision-maker to express the 
decision problem in terms of a mathematical objective function that consequently 
requires to be maximized (e.g. maximize income) or minimized (e.g. minimize 
delivery time) by differing the values of the variables in the objective function (e.g. 
the amount ordered with supplier X). On the one hand, it may be discussed that MP-
techniques are impartial than sorting models due to fact that they compel the 
decision-maker to openly maintain the objective function. At the other hand, MP-
models frequently solely consider the quantitative criteria. All mathematical 
programming approaches take numerous products into account at the same time (De 
Boer et al., 2001). Many of the mathematical programming approaches presume 
prearranged levels on quality, service, and delivery restraints (De Boer et al., 2001). 
This problem is overwhelmed by utilizing complicated weighting and restraint 
techniques and donating tradeoff curves between the multiple objectives as decision 
support to purchasing executives. It is suggested that data envelopment analysis 
(DEA) for assessment of suppliers that were previously chosen. MP and the DEA 
techniques are merged to supply purchasers with an instrument for deliberations with 
suppliers that were not chosen immediately in addition to assess different numbers of 
vendors to utilize (De Boer et al., 2001). Goal programming is utilized to decrease 
costs and increase quality and delivery reliability as much as possible when choosing 
vendors and assigning orders among them. Some of the mathematical programming 
models concentrate on the modeling of particular discounting environments. (De 
Boer et al., 2001). Decision support with respects to the number of vendors is 
focused. A heuristic process is suggested to resolve the manifold item problems with 
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a non-linear objective function (De Boer et al., 2001). Facility location modeling 
construct is utilized for the supplier selection problem. A decision support system is 
constructed for a wholesaler where the selection of the produces is solely one of 
some issues that have to be optimized in order to reduce the total cost of the 
wholesaling service as much as possible (De Boer et al., 2001). Other factors contain 
choosing depots, assigning transportation modes and deciding the service level to 
retailers.. Nonetheless, in a research the mathematical programming model 
formulation is not integrated while another research solely resolves a single-item 
problem (De Boer et al., 2001). A mathematical programming model that reduces the 
total cost of ownership of the vendor selection and stocks management procedure 
utilizing activity-based costing data as much as possible is constructed (De Boer et 
al., 2001).  
4.1.8 Total cost of ownership models 
TCO-based techniques challenge to contain all quantifiable costs in the vendor 
selection that are subjected to during the bought item's life cycle. Subsequent a 
division can be made among (a) pre-transaction (b) transaction and (c) post-
transaction costs. TCO-based methods for vendor selection mainly is composed of 
summarization and quantification of every or numerous costs connected to the 
selection of suppliers and consequently correcting or fining the unit cost estimated by 
the vendor with this figure in several ways. For big organizations with automated 
cost accounting systems, the alleged cost-ratio technique is suggested. This technique 
gathers all costs associated to quality, delivery, and service and states them as a 
profit or punishment percentage on unit price. A total cost method is merged with 
scoring systems for metrics such as service and delivery performance for which it is 
extra hard to attain the cost amount. All these total cost methods are single-deal 
methods and implemented to comparatively basic cases where data cost can be 
collected utilizing a worksheet (De Boer et al., 2001).  
4.1.9 Statistical models 
Statistical methods cope with the stochastic vagueness connected to the supplier 
selection. Even though stochastic vagueness exists in the majority of procurement 
problems, e.g. by not being aware of precisely how the interior request for the items 
or services procured will improve, solely very small amount of vendor selection  
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methods actually overcome this problem. As far as it is known, the issued statistical 
methods solely contain for vagueness with respect to one metric at a time. A decision 
support system is constructed for vendor selection and procurement procedure in the 
milieu of a large one/off assignment where the order fulfillment time is vague. A 
simulation resolution is proposed for unsteady demand in his scoring model (De 
Boer et al., 2001).  
4.1.10 Artificial intelligence based models 
AI-based methods are rooted in computer-aided systems that in one approach or 
another can be taught by a buyer or historic information. Afterward, non-experts who 
confront related but new decision conditions can check in the system. Examples of 
models rooted in artificial intelligence (AI) technology that have been implemented 
to vendor selection contain neural networks and expert systems. Although solely a 
small number of examples of AI methods used for the vendor assessment situations 
can be reached in the literature up to now, it is essential to examine these models for 
their possibilities. Due to novelty of various models, for example Internet-based 
technology, solely a small number of examples with a convincing character are 
accessible by now. One of the potencies of models such as Neural Networks is that 
they do not need formalization of the decision-making procedure. In this context, 
Neural Networks can deal better with complication and vagueness than conventional 
models, since AI-based models are developed to be more similar to human verdict 
running. The user of the system solely should present the Neural Network with the 
features of the existing situation, e.g. the performance of the vendor on the metrics. 
The Neural Network consequently presents the real transaction for the user, rooted in 
what it has been taught by the expert or historic data. Simultaneously, this potency 
can be perceived as a drawback since it asserts that the user of the Neural Network 
cannot clarify the trade-off to others, such as to vendors that will not be given job. 
This enables Neural Networks mainly appropriate for conditions where exterior 
explanation is not as much of significant or as an alternative model in mixture with a 
conventional model. The method is an adaptive back propagation network for 
subcontractor scoring for building companies. This type of network discovers to 
appraise subcontractors straight due to some examples and does not need 
formalization of the decision-maker proficiency by means of decision-rules. The 
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concentration is on the improvement of a basic method to prove the efficiency of 
utilizing intelligent software agents for electronic purchasing (De Boer et al., 2001). 
4.2 Critical Appraisal of the Methods 
In spite of its power in considering multiple and usually conflicting criteria, 
understanding the relationship between alternatives, and sorting of the alternatives 
into groups based on performance, MCS methods have not yet been applied for 
strategic supplier selection problems (Araz and Ozkarahan, 2007). Every MCS 
method requires the determination some parameters (e.g. Thresholds, weights…). It 
is important to know the influence they have on the classifications when small 
changes occur in their values. Since generally, decision makers cannot fix correctly 
their exact values (Araz and Ozkarahan, 2007). 
It is shown that more generic, situational characteristics like the number of suppliers 
available, the availability of historic information, the importance of the buy as well 
as the phasing and organization of the whole supplier selection process are more 
determinative for the suitability of a certain method (De Boer et al., 2001). A 
drawback of many existing decision models for supplier selection is the fact that only 
quantitative criteria are considered. Several factors that may complicate the decision-
making process such as incomplete information, additional qualitative criteria, and 
imprecise preferences are often not taken into account (De Boer et al., 1998). 
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5.  PROPOSED METHODOLOGY 
5.1 Definition and Application Process of Proposed Method 
Supplier selection and evaluation is a continuous process and it contains various 
steps. Therefore, when companies evaluate their suppliers, they should utilize 
method, which enables them to deal with every step. However, there is not a method, 
which can offer solution to all steps process. Furthermore, in real life, more than one 
person is responsible about selecting suppliers, monitoring them and evaluating 
them. Thus, supplier selection should be seen as a GDM problem as well. Since there 
are, many conflicting criteria evaluated while selecting supplier, MCDM rules should 
also be applied to supplier selection problems. Additionally, because there is human 
judgment, when decision makers especially determine the importance weight of 
criteria and performance of suppliers on relative criteria, there is uncertainty and 
vagueness in supplier decision problems.  
Based on the conditions stated above, an integrated methodology for supplier 
selection is offered and it is applied in a multinational pharmaceutical company. 
Table 5.1 shows the steps of the application process. Firstly, the problem is defined 
as evaluating the existing suppliers and classifying them into groups. Decreasing the 
supplier base at the end of evaluating is aimed with this application. Afterwards, the 
decision makers are determined and importance weights are assigned to them. 
Supply chain manager, supply chain executive, production planning specialist, and 
production planning assistant are selected as decision makers. Importance weights 
are instinctively assigned according to experience and hierarchic position of decision 
makers. Weights of supply chain manager, supply chain executive, production 
planning specialist, and production planning assistant are 0.4, 0.3, 0.2, and 0.1 
respectively.  
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Figure 5.1 : Application process of the proposed methodology. 
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5.2 Determining Criteria in Order to Evaluate Suppliers’ Performances 
Once the problem is defined and decision makers are selected, the relative criteria 
should be determined to evaluate suppliers. In order to avoid subjectiveness, it is 
decided that criteria are selected from literature. Huang and Keskar (2007) offer 7 
main criteria and 101 sub criteria. Table 5.1 shows seven main criteria and their 
definitions and Table 5.2 shows the sub criteria or reliability main criterion and their 
definitions. Please from Figure A.1 to Figure A.6 in Appendices section for the rest 
of the sub criteria. All criteria and sub criteria were presented to the decision makers 
and they collectively selected six main criteria and 20 sub criteria, which are suitable 
for the company out of those 7 main criteria and 101 sub criteria. Table 5.4 shows 
the selected criteria. 
Table 5.1: Main criteria and their definitions from Huang and Keskar (2007) 
Criteria Definition 
Reliability Criteria regarding delivery performance of a supplier 
Responsiveness Criteria related to the velocity of a supplier 
Flexibility Criteria regarding the agility of a supplier to changes 
Cost and Financial Criteria regarding cost and financial aspects 
Assets and  
Infrastructure Criteria regarding effectiveness of the supplier 
Safety Criteria regarding occupational safety  
Environment Criteria regarding a supplier’s efforts for environment 
5.3 Gathering Individuals’ Preferences Using Linguistic Label Sets 
In order to collect individuals’ preferences for importance of criteria, a linguistic 
label set is utilized. The decision makers subjectively determined. Moreover, 
triangular membership functions are used in order to calculate importance weights.  
The fuzzy set theory was intended to improve the oversimplified model, thereby 
developing a more robust and flexible model in order to solve real-world complex 
systems involving human aspects. Fuzzy set theory has been applied in almost every 
field, including control systems, optimization theory, artificial intelligence, human 
behavior, etc (Chen, 2005).  
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Table 5.2: Sub criteria of reliability criteria and their definitions from Huang and 
Keskar (2007). 
No. Criteria Definition 
1 % Orders received 
damage free 
Number of  orders received damage free divided by total number 
of order processed in measurement time 
2 % Orders received 
complete 
Number of orders received complete divided by total number of 
processed in measurement time 
3 % Orders received on 
time to commit date 
Number of orders on time to commit date divided by total number 
of orders processed in measurement time 
4 % Orders received on 
time to required date 
Number of orders received on time to required date divided by 
total number of orders processed in measurement time 
5 % Orders received 
defect free 
Number of orders received defect free divided by total number of 
orders processed in measurement time 
6 % Orders received with 
correct shipment docs 
Number of orders received with correct shipment docs divided by 
total number of orders processed in measurement time 
7 % Short to producing 
schedule 
Number of orders produced exceeding the manufacturing schedule 
divided by total number of orders produced in measurement time 
8 Fill rate The percentage of ship-from-stock orders shipped within 24 h of 
order receipt 
9 Ratio of actual to 
theoretical cycle time 
Ratio of measured time required for completion of set of tasks 
divided by sum of the time required to complete each task based 
on rated efficiency of the machinery and labor operations.  
10 Scrap expenses Expense incurred from material failing outside of specifications 
and processing characteristics that make rework impractical as 
percentage of total production cost.  
11 In process failure rate The percentage of time work-in-process is not completed, i.e., 1 
minus the percentage of completed work-in-process units 
12 Yields during 
manufacturing 
Ratio of usable output from a process to its input 
13 % Errors during release 
of finished product 
Number of errors in release of finished products divided by total 
number of products released during measurement period 
14 Incoming material 
quality control 
Quality assurance procedures, control over quality of incoming 
material at supplier and quality improvement perspective towards 
supplier’s suppliers 
15 Inventory accuracy The absolute value of the sum of the variance between physical 
inventory and perpetual inventory 
16 % Faultless 
installations 
Number of faultless installations divided by total number of units 
installed 
17 Order consolidation 
profile 
The activities associated with filling a customer order by bringing 
together in one physical place all of the line items ordered b the 
customer 
18 % Orders scheduled to 
customer request date 
Percentage of orders whose delivery is scheduled within an agreed 
time frame of the customer’s requested delivery date 
19 Average days per 
engineering change 
Total number of days each engineering change impacts the 
delivery date divided by the total number of changes 
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Table 5.3: Selected main criteria and sub criteria by the decision makers. 
No. Main Criteria Sub Criteria 
1 Reliability (Rel) % Orders received complete (Orc) 
% Orders received on time to required date (Ort) 
Incoming material quality control (Imq) 
% Orders received defect free (Ordf) 
2 Responsiveness (Res) Order fulfillment lead time (Oflt) 
Quarantine/hold time (Qht) 
Total build cycle time(Tbct) 
3 Flexibility (Fle) Upside production flexibility (Upf) 
Upside delivery flexibility (Udf) 
Time for expediting delivery and transfer process (Ted) 
4 Cost and Financial (Cos) Inventory carrying cost (Icc) 
Financial stability (Fs) 
Order fulfillment costs (Ofc) 
Payment terms (Pt) 
Packaging costs (Pc) 
Freight (Fr) 
5 Assets and Infrastructure 
(Ass) 
 
Company size (Cs) 
Quality System/certification/assessment (Qs) 
Manufacturing/Process Capabilities (Mpc) 
6 Environment (Env) Resource consumption (Rc) 
Traditional mathematics and logic assigns a membership of one to items that are 
members of a set, and zero to those that are not. This is the dichotomy principle. 
Such a strong principle inevitably ran into philosophical problems. Fuzzy set theory 
offers a logic, which more closely imitates the human thought process by allowing 
for possibilistic reasoning and vagueness. It allows a proposition to be neither fully 
true, nor fully false, but partly true and partly false to a given degree. It is common to 
restrict these degrees of membership to the real inclusive interval [0, 1] (Chen, 
2005). A fuzzy subset A of a (crisp) set X is characterized by assigning to each 
element x of X the degree of membership of x in A (e.g. X is a group of animal, A 
the fuzzy set of mammals in X) (Chen, 2005). The membership functions for fuzzy 
sets can have many different shapes, depending on definition. The popularly used 
fuzzy membership functions in the applications are triangular membership functions 
and trapezoidal membership functions (Chen, 2005). Linguistic label set S is a finite 
but totally ordered term set of linguistic labels { }T10 s,...,s,sS =  with ji ss > , for 
ji > (Chen, 2005). 
A linguistic label has the following properties:  
• Ordered, ji ss >  for ji >  
 52
• Negation operator, Neg ( )is = js , such that j=T-1 
• T is an even number, the cardinality of the linguistic label set is odd (T+1). 
• Maximization operator, MAX ( )ji s,s = is , if ji ss > . 
• Minimization operator, MIN ( )ji s,s = js , if ji ss > . 
• Symmetric, is  and 2s +−iT  have symmetrical meaning with regard to label 12/s +T . 
• Order reversal, for any ji ss > , )Neg(s)Neg(s ji ≤ , 
• Involution, for any ii s))Neg(Neg(s = , for all i (Chen, 2005). 
Table 5.4 shows the membership functions of the linguistic label set which is used to 
collect decision makers’ individual preferences. Decision makers are asked to 
evaluate the relative criteria with expressing a linguistic label.  
Table 5.4: The linguistic label set and triangular membership functions 
 Linguistic Labels Abbreviation Triangular Membership Functions 
1s  
Equal Importance EI (1,1,1) 
2s  
Preferred Equal Importance PEI (1,2,3) 
3s  
A Little More Important LMI (2,3,4) 
4s  
Preferred A Little More Important PLMI (3,4,5) 
5s  
Strongly Important SI (4,5,6) 
6s  
Preferred Strongly Important PSI (5,6,7) 
7s  
More Strongly Important MSI (6,7,8) 
8s  
Preferred More  Strongly Important PMSI (7,8,9) 
9s  
Totally Important TI (8,9,9) 
5.4 Aggregating Individuals’ Preferences into Group Decision by LWGA 
The next step in the application process gathering individual preferences of pair wise 
comparisons into group decision and find final pair wise comparison matrix of the 
relative criteria. Table 5.5 shows the individual preferences of supply chain manager 
regarding pair wise comparisons of main criteria. Table 5.6, Table 5.7 and Table 5.8 
show the individual preferences of supply chain executive, production planning 
specialist and assistant respectively. Preferences are gathered from individuals by 
face-to-face interviews. The aim of the pair wise comparisons are explained and the 
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meaning of the label sets are defined in order to make decision makers able to make 
comparisons that are more accurate.  
Table 5.5: Supply chain manager’s pair wise comparisons of main criteria 
Criteria Rel Res Fle Cos Ass Env 
Rel  1s  1s  1s      1s  3s  4s  
Res  1s  1s  1s  3s  4s  
Fle.   1s  1s  3s  4s  
Cos    1s  3s  4s  
Ass     1s  2s  
Env.      1s  
Table 5.6: Supply chain executive’s pair wise comparisons of main criteria 
Criteria Rel Res Fle Cos Ass Env 
Rel  1s  3s  3s      2s  4s  4s  
Res  1s  21
s  
3
1s  
2s  2s  
Fle.   1s  21
s  
2s  2s  
Cos    1s  2s  2s  
Ass     1s  1s  
Env.      1s  
Table 5.7: Production planning specialist’s pair wise comparisons of main criteria 
Criteria Rel Res Fle Cos Ass Env 
Rel  1s  3s  3s      1s  2s  3s  
Res  1s  1s  31
s  
1s  2s  
Fle.   1s  31
s  
1s  2s  
Cos    1s  2s  4s  
Ass     1s  2s  
Env.      1s  
Table 5.8: Production planning assistant’s pair wise comparisons of main criteria 
Criteria Rel Res Fle Cos Ass Env 
Rel  1s  2s  2s      2s  3s  7s  
Res  1s  1s  1s  2s  2s  
Fle.   1s  1s  2s  2s  
Cos    1s  2s  2s  
Ass     1s  1s  
Env.      1s  
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After all individual preferences have been gathered, collective group decision should 
be aggregated. LWGA method will be used for aggregating individual preferences 
into the group decision. According to equation 3.26 and 3.27, the group decision of 
reliability and responsiveness pair wise comparison is:  
LWGA ( ) ( ) ( ) ( ) ( ) 1.022.033.034.011.0,2.0,3.0,4.0 ssssw ⊗⊗⊗=  
LWGA ( ) ( ) ( ) ( ) ( ) 86.12331 1.02.03.04.01.0,2.0,3.0,4.0 sssssw =⊗⊗⊗= , 
which means reliability is between equal importance and preferred equal importance 
over responsiveness according to group. The advantage of LWGA over other 
linguistic averaging operators is that LWGA does not use round operator to have 
integer linguistic labels. Thus, we can see exact preference of the group over 
evaluated criteria. However, when every group member decides same linguistic label 
set, LWGA gives inaccurate solution. The aggregated label set becomes bigger than 
the preference. Despite of this disadvantage, LWGA is easy to apply and it shows 
exact preference of the group. Membership functions will be assigned to fractional 
numbers by using direct proportion. The membership function of 86.1s  is calculated as 
(1, 1.86, 2.72). The aggregated pair wise comparisons of main criteria of the group 
are shown in the Table 5.9.  
Table 5.9: The group’s aggregated pair wise comparisons of main criteria 
Criteria Rel Res Fle Cos Ass Env 
Rel  1s  86.1s  86.1s      32.1s  02.3s  99.3s  
Res  1s  81.0s  58.0s  05..2s  64.2s  
Fle.   1s  65.0s  05..2s  64.2s  
Cos    1s  66.2s  42.3s  
Ass     1s  52.1s  
Env.      1s  
After aggregating main criteria pair wise comparisons, sub criteria individual 
preferences are gathered. Table 5.10, Table 5.11, Table 5.12, Table 5.13, and Table 
5.14 show the aggregated pair wise comparisons of sub criteria of reliability, 
responsiveness, cost and financial situation, assets and infrastructure respectively. 
Environment has just one sub criterion, therefore no aggregation for sub criterion 
needed. 
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Table 5.10: The group’s aggregated pair wise comparisons of sub criteria of 
reliability main criterion 
Reliability Orc Ort Imq Ordf 
Orc 1s  65.0s  35.0s      93.0s  
Ort  1s  44.0s  58.1s  
Imq   1s  57.2s  
Ordf    1s  
Table 5.11: The group’s aggregated pair wise comparisons of sub criteria of 
responsiveness main criterion 
Responsiveness Oflt Qht Tbct 
Oflt 1s  50.6s  52.1s  
Qht  1s  24.0s  
Tbct   1s  
Table 5.12: The group’s aggregated pair wise comparisons of sub criteria of 
flexibility main criterion 
Flexibility Upf Udf Ted 
Upf 1s  85.0s  81.0s  
Udf  1s  98.0s  
Ted   1s  
Table 5.13: The group’s aggregated pair wise comparisons of sub criteria of cost and 
financial main criterion 
Cost and 
Financial Icc Fs Ofc Pt Pc Fr 
Icc 1s  60.0s  61.0s      40.1s  53..2s  31.2s  
Fs  1s  55.0s  69.1s  68.2s  03.2s  
Ofc   1s  55.1s  59..2s  81.2s  
Pt    1s  41.1s  19.2s  
Pc     1s  15.1s  
Fr      1s  
Table 5.14: The group’s aggregated pair wise comparisons of sub criteria of assets 
and infrastructure main criterion 
Assets and 
Infrastructure Cs Qs Mpc 
Cs 1s  48,0s  19.0s  
Qs  1s  52.0s  
Mpc   1s  
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5.5 Determining Importance Weights of Criteria by Fuzzy AHP 
Criteria are needed in order to measure and compare performance of suppliers. 
However, the criteria are mostly conflicting with each other. For example, if the 
company requires expediting a delivery, the cost of the delivery increases. Hence, the 
performance of the supplier of that delivery can differ in different cases. 
Consequently, it should be calculated that if expediting the delivery would 
compensate the cost difference. Thus, in order to evaluate performance of suppliers, 
importance weights of the criteria should be known. Nevertheless, determining the 
weights of the criteria can be complicated. Because, there is not any quantitative 
output of the criteria and human judgment is applied to determine the weights of the 
criteria. Therefore, the decision can be uncertain and subjective. Therefore, a 
quantitative method that is capable of converting human judgment into importance 
weights of the criteria. Because of the hierarchic structure of the criteria, AHP is 
suitable for deriving importance weights. In literature, AHP is mostly used as only 
method to select best supplier. However, in this study it will be used solely for 
determining importance weight of the criteria. Moreover, since the decision of 
importance weight is uncertain and subjective, fuzzy AHP is needed to determine the 
weight of the criteria. It will be suitable to convert human judgments into numbers.  
Fuzzy AHP is one of the best methods to evaluate human judgments through pair 
wise comparisons. In the literature, many researchers present various methods in 
order to select the best option and to rank the alternative in multiple criteria 
environment via using fuzzy sets theory and hierarchic structure (Akman and Alkan, 
2006). In this study, extent analysis method on fuzzy AHP is used to determine the 
importance weights of the criteria.  
Let { }n21 x,......,x,x=X be an object set, and { }muuuU ,......,, 21= be a goal set. 
Every purpose is considered and extent analysis for every goal is applied in 
accordance with the method of extent analysis (Kahraman et al., 2003). Hence, m 
extent analysis values for each can be obtained, with the following signs,  
,,....,2,1,,,........., 21 niMMM mggg iii =  (5.1) 
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where all the ( )mjM jgi ,...,2,1=  are triangular fuzzy numbers. The value of fuzzy 
synthetic extent with respect to the ith  object is defined as:  
The degree of possibility of 21 MM ≥ is defined as: 
When a pair ( )yx,  exists such that yx ≥  and ( ) ( )yx MM 21 µµ = , then we have 
( )21 MMV ≥ =1. Since 1M and 2M are convex fuzzy numbers we have that: 
where d is the ordinate of the highest intersection point D between 
1M
µ and 
2M
µ . 
When ),,( 1111 umlM = and ),,( 2222 umlM = , the ordinate of D is given by:  
To compare 1M  and 2M , we need both the values of ( )21 MMV ≥  and ( )12 MMV ≥ . 
The degree possibility for a convex fuzzy number to be greater than k convex fuzzy 
numbers ( )kiM i ,...2,1=  can be defined by:  
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Assume that: 
For iknk ≠= ;,.....,2,1 . Then the weight vector is given by:  
where ( )niAi ,....,2,1=  are elements. Via normalization, the normalized weight 
vectors are:  
where W is a non-fuzzy number.  
In the application, fuzzy AHP will be utilized in order to collect importance weight 
of the criteria. Linguistic labels used for gathering pair wise comparisons are turned 
into triangular fuzzy numbers. Table 5.4 shows the triangular fuzzy membership 
functions of the label set and those membership functions are utilized in order to turn 
linguistic labels into fuzzy numbers. Table 5.15 shows the group’s aggregated pair 
wise comparisons in triangular fuzzy numbers. 
Table 5.15: Pair wise comparisons of main criteria in triangular fuzzy numbers 
Criteria Rel Res Fle Cos Ass Env 
Rel  1,1,1          1,1.86,2.72 1,1.86,2.72 1,1.32,1.64 2.02,3.02,4.02 2.99,3.99,4.99 
Res 0.37, 0.54,1 1,1,1 0.68,0.81,1 0.41,0.58,1 1.05,2.05,3.05 1.64,2.64,3.64 
Fle 0.37, 0.54,1 1,1.23,1.46 1,1,1 0.49,0.65,1 1.05,2.05,3.05 1.64,2.64,3.64 
Cos 0.61,0.76,1 1,1.73,2.46 1,1.53,2.06 1,1,1 1.66,2.66,3.66 2.42,3.42,4.42 
Ass 0.25,0.33,0.50 0.33,0.49,0.95 0.33,0.49,0.95 0.27,0.38,0.60 1,1,1 1,1.52,2.04 
Env 0.20,0.25,0.33 0.27,0.38,0.61 0.27,0.38,0.61 0.23,0.29,0.41 0.49,0.66,1 1,1,1 
From the Equation 5.2 values of synthetic extent are, 
( ) ( ) ( )52.0,28.0,14.004.331,04.471,54.63109.17,05.13,01.9Re =⊗=lS  
( ) ( ) ( ) ( )[ ]
( ) .,.....,3,2,1,min
...,...,, 2121
kiMMV
MMandandMMandMMVMMMMV
i
kk
=≥=
≥≥≥=≥
. (5.7) 
( ) ( ).min kii SSVAd ≥=′ . (5.8) 
( ) ( ) ( )( )TnAdAdAdW ′′′=′ ,....,, 21 , (5.9) 
( ) ( ) ( )( )TnAdAdAdW ,....,, 21= , (5.10) 
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( ) ( ) ( )32.0,16.0,08.004.331,04.471,54.63169.10,62.7,15.5Re =⊗=sS  
( ) ( ) ( )34.0,17.0,09.004.331,04.471,54.63115.11,11.8,54.5 =⊗=FleS  
( ) ( ) ( )44.0,24.0,12.004.331,04.471,54.63160.14,10.11,69.7 =⊗=CosS  
( ) ( ) ( )18.0,09.0,05.004.331,04.471,54.63104.6,20.4,18.3 =⊗=AssS  
( ) ( ) ( )12.0,06.0,04.004.331,04.471,54.63197.3,96.2,47.2 =⊗=EnvS  
Using these vectors in Equation 5.6, the followings are obtained: 
( ) 00.1ReRe =≥ sl SSV , ( ) 00.1Re =≥ Flel SSV , ( ) 00.1Re =≥ Cosl SSV ,  
( ) 00.1Re =≥ Assl SSV  , ( ) 00.1Re =≥ Envl SSV . 
( ) 61.0ReRe =≥ ls SSV , ( ) 96.0Re =≥ Fles SSV , ( ) 73.0Re =≥ Coss SSV ,  
( ) 00.1Re =≥ Asss SSV  , ( ) 00.1Re =≥ Envs SSV . 
( ) 65.0Re =≥ lFle SSV , ( ) 00.1Re =≥ sFle SSV , ( ) 77.0=≥ CosFle SSV ,  
( ) 00.1=≥ AssFle SSV  , ( ) 00.1=≥ EnvFle SSV . 
( ) 88.0Re =≥ lCos SSV , ( ) 00.1Re =≥ sCos SSV , ( ) 00.1=≥ FleCos SSV ,  
( ) 00.1=≥ AssCos SSV  , ( ) 00.1=≥ EnvCos SSV . 
( ) 18.0Re =≥ lAss SSV , ( ) 58.0Re =≥ sAss SSV , ( ) 54.0=≥ FleAss SSV ,  
( ) 30.0=≥ CosAss SSV  , ( ) 00.1=≥ EnvAss SSV . 
( ) 00.0Re =≥ lEnv SSV , ( ) 28.0Re =≥ sEnv SSV , ( ) 23.0=≥ FleÊnv SSV ,  
( ) 00.0=≥ CosEnv SSV  , ( ) 73.0=≥ AssEnv SSV . 
After Equation 5.8 is applied, ( )TW 00.0,18.0,88.0,65.0,61.0,00.1main =′ is reached. Via 
normalization, weight vectors are found as ( )TW 00.0,05.0,27.0,20.0,18.0,30.0main =   
for the main criteria. For the group of decision makers, environment criterion has no 
affect on the performance of suppliers. Therefore, environment criterion and its sub 
criterion are taken out from the criteria set. After importance weights of main criteria 
are found, the same operations are applied to sub criteria and weight vectors of sub 
criteria are found as ( )07.0,60.0,29.0,04.0Re =lSubW , ( )30.0,00.0,70.0Re =sSubW , 
( )43.0,38.0,19.0=SubFleW ,  ( )06.0,06.0,16.0,27.0,24.0,21.0=SubCosW , 
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( )79.0,21.0,00.0=SubAssW . Afterwards, we multiply the importance weights of main 
criteria with importance weights of their sub criteria and overall final weights of the 
criteria are reached. 
( ) ( )0210.0,1800.0,0870.0,0120.007.0,60.0,29.0,04.030.0ReRe =×=× lSubl WW  
( ) ( )0540.0,00.0,1260.030.0,00.0,70.018.0ReRe =×=× sSubs WW  
( ) ( )0860.0,0760.0,0380.043.0,38.0,19.020.0 =×=× SubFleFle WW  
( )
( )0162.0,0162.0,0432.0,0729.0,0648.0,0567.0                      
06.0,06.0,16.0,27.0,24.0,21.027.0
=
×=× SubCosCos WW
 
( ) ( )0395.0,0105.0,00.079.0,21.0,00.005.0 =×=× SubAssAss WW  
5.6 Evaluating, Ranking and Classifying Suppliers by ELECTRE III 
After calculating the importance weights of all criteria, next step of the application is 
evaluating performance of suppliers regarding relative criteria, ranking and 
classifying the suppliers according to their performance. Because human judgment 
will be utilized to evaluate performance of the suppliers, a method, which can deal 
with imperfect knowledge, should be applied. Therefore, ELECTRE III method is 
suitable for the application. Solely ELECTRE methods with probabilistic 
distributions and expected utility criterion can consider imperfect knowledge 
(Figueria et al., 2005).  
ELECTRE stands for Elimination Et Choix Traduisant la Realité (Elimination and 
Choice Expressing the Reality) (Figuaeria et al., 2005). The method has been used 
since 1965, it has been evolved various times, and different versions have been 
presented. In the application, ELECTRE III method will be used because it 
introduces the notion of indifference and preference thresholds as a difference from 
ELECTRE I and II. A criterion modeled in this way is referred to as a quasi criterion. 
Hence, ELECTRE III is suitable to cope with inexactness, vagueness, doubtfulness, 
or ill-determination of data (Figueria et al., 2005).  
In the application, the company has 22 domestic suppliers, who produce packaging 
materials for the pharmaceutical company. In order to classify these 22 suppliers into 
4 categories, 3 imaginary suppliers added. First imaginary supplier represents the 
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best supplier, with which business integration will be established. The suppliers that 
have better performance than first imaginary supplier has will be assigned to 
strategic partnership category while the ones that have worse performance will be 
assigned to business integration category. The second imaginary supplier represents 
the best supplier, with which arms-length relationship will be established. The 
suppliers that have better performance than second imaginary supplier has will be 
assigned to business integration category while the ones that have worse performance 
will be assigned to arms-length relationship category. Finally, the third imaginary 
supplier represents the best supplier of the trimmed suppliers category. The suppliers 
that have better performance than third imaginary supplier has will be assigned to 
arms-length relationship category while the ones that have worse performance will 
be assigned to trimmed suppliers category. 
The starting point for most outranking methods is a decision matrix describing the 
performance of the alternatives to be evaluated with respect to identified criteria. 
Four decision makers separately evaluate the performance of the suppliers with 
regard to pre-selected criteria. A crisp aggregation method is used to aggregate 
group’s evaluation. Weighted averaging is utilized to obtain group decision. An 
example is given to show how the matrix values are calculated. Supply chain 
manager grades supplier San’s performance with respect to % orders received 
complete criterion as 95 out of 100. Supply chain executive, production planning 
specialist, and product planning assistant grade supplier Ars’ performance with 
respect to % orders received complete criterion, 85, 85 and 95 respectively. Then 
group decision is calculated as 901.0952.0853.0854.095 =×+×+×+× . After 
applying this calculation to every supplier and criterion, Table 5.16 is formed which 
shows the aggregated decision matrix of the group describing the performance of the 
suppliers. Criteria are placed into columns and suppliers are placed into rows. After 
calculating performance notes of the suppliers, the next step is to rank the suppliers 
according to their performance.  
As stated earlier, ELECTRE III will be used to rank the suppliers. Before starting the 
calculations, the discrimination (indifference and preference thresholds should be 
determined for every criterion. The discriminations thresholds are necessary not just 
for calculations but also they are needed for to consider the insufficient character of 
the evaluation of the suppliers’ performance ((Figuaeria et al., 2005). 
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The discrimination thresholds can be constant or differ along the scale. When they 
differ, it must be differentiated among direct (the assessment of the best alternative) 
and inverse (the assessment of the worst alternative) (Figuaeria et al., 2005). 
Preference thresholds ( )ip  validate the preference in favor of one of the two options, 
while indifference thresholds ( )iq  can be harmonious with indifference among the 
two alternatives. Moreover, ELECTRE III utilizes veto thresholds ( )it  in order to 
avoid inappropriate outranking relations, where iz  represents the performance of the 
supplier. Shanian et al., (2008) assert that indifference threshold is selected for lower 
bound of vagueness of decision makers’ preferences while preference threshold is 
chosen for the upper bound. They add that the veto threshold represents a limiting 
value for the difference among performance scores of two random options.  
 By this definition, a is concluded to be at least as good as b according to criterion i if 
there is not even weak preference for b over a. For an outranking “a outranks b” to 
be justified, adequate major of the criteria should be in favor of this assertion 
(Figuaeria et al., 2005). The thresholds are the main difference of the ELECTRE III 
from the previous versions of ELECTREs. Figueria et al., (2005) assert, “The 
novelty of this method is the introduction of pseudo criteria instead of true criteria.” 
A criterion modeled in this way is referred to as a quasi criterion Figueria et al., 
(2005). Hence, ELECTRE III is suitable to cope with inexactness, vagueness, 
doubtfulness, or ill determination of data In order to calculate concordance index, the 
thresholds are given in Table 5.17.  
The discrimination thresholds are used to build a concordance index ),( baCi  for 
each criterion, defined by: 
( )
( ) ( )( ) ( )
( ) ( )( ) ( )
( ) ( )( ) ( )
( )( ) ( )( )






−
−+
≤+
≥+
=
otherwise  ,
z  if                                 ,0
z if                                  ,1
, i
i
azqazp
bzazpaz
bzazpa
bzazqa
baC
iiii
iiii
iii
iii
i
 
          
(5.11) 
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Table 5.16: The aggregated decision matrix of the group describing the performance of the suppliers 
  Orc Ort Imq Ordf Oflt Tbct Upf Udf Ted Icc Fs Ofc Pt Pc Fr Qs Mpc 
1-1.Is 95 95 95 95 95 95 90 90 95 95 90 95 85 85 95 90 90 
2-2.Is 80 80 80 80 80 85 80 75 90 70 70 90 70 80 85 85 80 
3-3.Is 65 60 60 65 65 70 65 60 80 45 50 80 50 70 75 75 70 
4-Ecz 100 100 100 95 100 100 80 85 80 90 95 85 70 75 70 100 100 
5-San 90 75 100 95 90 70 55 50 80 70 70 85 70 75 90 80 80 
6-Arı 100 90 100 100 90 90 80 100 80 25 75 90 70 75 100 90 65 
7-Feg 100 90 90 90 90 90 90 100 80 75 80 90 70 75 100 90 80 
8-Det 90 85 75 75 75 75 85 90 80 75 75 90 70 75 100 75 75 
9-Dog 90 85 85 85 90 85 85 85 80 50 75 90 70 75 100 90 70 
10-Ale 90 75 75 75 80 80 85 85 80 50 80 90 70 75 90 85 70 
11-Pam 90 90 90 85 95 95 95 90 90 25 75 90 70 75 100 90 75 
12-Ser 100 90 90 95 90 90 95 90 80 20 90 90 70 75 100 85 85 
13-Ver 90 90 90 90 90 90 90 90 80 25 75 90 70 75 100 85 80 
14-Alt 50 45 45 50 50 55 60 75 75 50 25 90 70 75 100 85 75 
15-Kut 95 85 80 85 90 85 85 90 80 75 80 90 70 75 100 90 95 
16-Tun 100 95 95 95 90 90 90 90 80 25 85 90 70 75 100 90 85 
17-Far 95 95 95 95 90 90 90 90 85 25 85 90 70 75 100 90 85 
18-Ana 100 80 90 95 85 90 90 90 75 45 80 90 25 75 100 95 100 
19-Tur 100 100 100 95 100 100 100 100 80 100 60 90 70 75 100 95 95 
20-Per 100 70 80 90 80 80 70 80 80 100 80 90 50 100 100 90 80 
21-Alp 80 50 80 80 50 80 70 70 80 100 70 90 50 100 100 80 90 
22-Ars 100 100 90 90 100 80 100 100 90 100 90 90 50 100 100 90 90 
23-Ask 100 90 80 90 90 80 100 100 90 100 90 90 50 100 100 90 90 
24-Sad 100 80 80 80 80 80 70 80 80 100 90 90 50 100 100 80 90 
25-Den 100 80 80 80 80 80 70 80 80 100 90 90 50 100 100 80 90 
 64
Table 5.17: The threshold values for each criterion 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
  Orc Ort Imq Ordf Oflt Tbct Upf Udf Ted Icc Fs Ofc Pt Pc Fr Qs Mpc 
qi 7 10 10 9 9 8 8 9 3 15 13 2 11 5 5 4 6 
pi 21 30 30 27 27 24 24 27 9 45 39 6 33 15 15 12 18 
ti 35 50 50 45 45 40 40 45 15 75 65 10 55 25 25 20 30 
As an example, calculation of ( )EczSanCOrc , will be given. From the equation 5.11, 
( ) ( )( ) 97790 =+=+ SanzqSanz OrcOrcOrc  is smaller than ( ) 100=EczzOrc . Second 
condition should be tested, because the first condition is not true. Again from the 
equation 5.11: 
( ) ( )( ) 1112190 =+=+ SanzpSanz OrcOrcOrc is bigger than ( ) 100=EczzOrc . Second is 
not true neither. Therefore, ( )EczSanCOrc ,  is calculated as: 
( ) ( ) ( )( )( ) ( ) 786.0721
1002190)(
, =
−
−+
=
−
−+
=
SanqSanp
EczzSanzpSanz
EczSanC
OrcOrc
OrcOrcOrcOrc
Orc  
After calculating all concordance indexes for each criterion, the overall concordance 
index should be formed. Some concordance indexes for some criteria are given in the 
Appendices section. The overall concordance index is defined as:  
where iw  stands for importance weight of ith criterion and since 11 =∑ =
m
i i
w  
Equation 5.9 turns into: 
The concordance index, ( )baC , , measures the strength of support in the information 
given, for the hypothesis that a is at least as good as b. As an example, 
( )
∑
∑
=
=
=
m
i i
m
i ii
w
baCw
baC
1
1
),(
,  (5.12) 
( ) ∑
=
=
m
i ii
baCwbaC
1
),(,  (5.13) 
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( )
668.0000.00395.0000.00105.0000.10162.0000.10162.0
000.10432.00.0000.10729.0538.0648.0833.00467.0000.10860.0
0000.00760.0000.00380.00000.00540.0944.01260,0000.10210.0
000.11800.0250.00870.07860.00120,0),(,
1
=×+×+×+×+
×+×+×+×+×+
×+×+×+×+×+
×+×+×==∑
=
m
i ii
EczSanCwEczSanC
 
After applying Equation 5.13 to each supplier and criteria, overall concordance index 
is found as in Table 5.18. Discordance is described in the same way by the launch of 
a veto threshold for each criterion. The outranking of b by a is vetoed if the 
performance of b exceeds that of a by an amount greater than the veto thresholds 
(Figuaeria et al., 2005). A corresponding discordance index for each criterion is 
defined by:  
To show how discordance indexes are found, let us calculate ( )1,31D  as an example; 
( ) ( )( ) 86216533 111 =+=+ zpz  is smallerr than ( ) 951z1 = . Thus, ( )1,31D  is not 
equalt to 0. ( ) ( )( ) 100356533 111 =+=+ ztz  is bigger than ( ) 951z1 = . Hence, ( )1,31D  
is equalt to ( ) ( ) ( )( )( )( ) ( )( ) 643.014
9
2135
216595
33
331
1111
1111
==
−
−−
=
−
−−
zpzt
zpzz
.  
The overal concordance index and the discordance indices are combined to give a 
valued outranking relation. Alternative a is said to outrank b with credibility ( )baS ,  
defined as follows:  
 
where 
( )baJ ,  
is the set of criteria for which ( ) ( )baCba ,,Di ≤ . 
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Table 5.18: Overall concordance index 
C(a,b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
1 1,000 1,000 1,000 0,979 1,000 0,996 0,996 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,986 0,990 0,984 0,984 0,975 0,975 0,984 0,984 
2 0,690 1,000 1,000 0,654 0,893 0,794 0,891 0,956 0,969 0,993 0,889 0,899 0,943 0,984 0,914 0,856 0,860 0,888 0,570 0,926 0,926 0,678 0,792 0,897 0,897 
3 0,000 0,495 1,000 0,192 0,514 0,308 0,235 0,600 0,396 0,618 0,181 0,224 0,278 0,860 0,352 0,232 0,203 0,331 0,193 0,556 0,665 0,093 0,197 0,485 0,485 
4 0,804 0,843 1,000 1,000 0,984 0,904 0,899 0,929 0,929 0,929 0,827 0,913 0,924 0,929 0,929 0,924 0,896 0,924 0,875 0,913 0,913 0,773 0,773 0,913 0,913 
5 0,556 0,729 0,991 0,668 1,000 0,751 0,751 0,823 0,792 0,823 0,654 0,740 0,760 0,868 0,762 0,724 0,698 0,730 0,626 0,783 0,810 0,573 0,623 0,760 0,760 
6 0,737 0,828 0,991 0,865 0,914 1,000 0,909 0,930 0,981 0,981 0,884 0,939 0,966 0,968 0,904 0,956 0,927 0,945 0,860 0,897 0,888 0,761 0,768 0,883 0,883 
7 0,821 0,914 1,000 0,934 1,000 0,999 1,000 1,000 1,000 1,000 0,914 1,000 1,000 1,000 0,970 1,000 0,971 0,959 0,932 0,965 0,952 0,854 0,861 0,952 0,952 
8 0,568 0,899 1,000 0,594 0,809 0,763 0,865 1,000 0,940 0,992 0,735 0,843 0,875 0,992 0,900 0,805 0,779 0,859 0,572 0,945 0,934 0,625 0,761 0,926 0,926 
9 0,734 0,891 1,000 0,787 0,931 0,920 0,940 0,981 1,000 1,000 0,903 0,957 0,987 1,000 0,942 0,967 0,941 0,955 0,759 0,911 0,888 0,723 0,752 0,880 0,880 
10 0,534 0,891 1,000 0,565 0,823 0,774 0,843 0,973 0,982 1,000 0,766 0,862 0,891 0,992 0,924 0,798 0,772 0,877 0,513 0,895 0,880 0,553 0,712 0,877 0,877 
11 0,808 0,943 0,991 0,875 0,942 0,986 0,937 0,943 0,981 0,981 1,000 0,978 1,000 0,981 0,904 0,983 0,986 0,946 0,895 0,925 0,897 0,886 0,886 0,890 0,890 
12 0,785 0,857 0,981 0,889 0,943 0,994 0,938 0,943 0,970 0,972 0,913 1,000 1,000 0,972 0,929 0,999 0,970 0,944 0,904 0,926 0,927 0,829 0,836 0,927 0,927 
13 0,767 0,857 0,991 0,860 0,943 0,991 0,935 0,943 0,980 0,981 0,913 0,992 1,000 0,981 0,912 0,996 0,970 0,941 0,881 0,923 0,914 0,803 0,810 0,906 0,906 
14 0,148 0,331 0,795 0,297 0,447 0,329 0,301 0,374 0,383 0,387 0,305 0,350 0,363 1,000 0,303 0,349 0,291 0,344 0,227 0,369 0,532 0,160 0,160 0,319 0,319 
15 0,781 0,914 1,000 0,844 0,909 0,899 0,996 1,000 1,000 1,000 0,903 0,994 1,000 1,000 1,000 0,954 0,925 0,998 0,815 0,965 0,965 0,829 0,858 0,965 0,965 
16 0,787 0,857 0,991 0,892 0,943 0,996 0,939 0,943 0,981 0,981 0,914 1,000 1,000 0,981 0,930 1,000 0,971 0,960 0,906 0,927 0,927 0,825 0,832 0,927 0,927 
17 0,787 0,915 0,991 0,892 0,943 0,996 0,939 0,943 0,981 0,981 0,971 1,000 1,000 0,981 0,930 1,000 1,000 0,960 0,906 0,927 0,927 0,882 0,889 0,927 0,927 
18 0,723 0,852 0,944 0,773 0,909 0,924 0,896 0,900 0,928 0,928 0,864 0,928 0,928 0,957 0,900 0,906 0,849 1,000 0,770 0,871 0,871 0,719 0,805 0,871 0,871 
19 0,801 0,914 1,000 0,944 1,000 0,995 0,983 0,995 0,995 0,983 0,909 0,958 0,995 1,000 0,983 0,970 0,941 0,983 1,000 0,966 0,984 0,855 0,855 0,941 0,941 
20 0,594 0,892 1,000 0,631 0,885 0,783 0,850 0,940 0,937 0,966 0,745 0,883 0,892 0,982 0,903 0,826 0,797 0,920 0,572 1,000 0,987 0,652 0,766 0,987 0,987 
21 0,420 0,677 0,958 0,537 0,692 0,560 0,638 0,718 0,717 0,745 0,565 0,641 0,683 0,981 0,692 0,612 0,587 0,663 0,496 0,806 1,000 0,549 0,549 0,754 0,754 
22 0,850 0,982 1,000 0,921 0,982 0,974 0,976 0,982 0,982 0,982 0,959 0,976 0,976 0,982 0,982 0,976 0,976 0,979 0,941 1,000 1,000 1,000 1,000 1,000 1,000 
23 0,805 0,982 1,000 0,824 0,892 0,884 0,976 0,982 0,982 0,982 0,959 0,976 0,976 0,982 0,982 0,931 0,931 0,979 0,844 1,000 1,000 0,993 1,000 1,000 1,000 
24 0,636 0,890 1,000 0,696 0,878 0,807 0,885 0,961 0,951 0,964 0,781 0,918 0,933 0,981 0,947 0,854 0,826 0,930 0,629 0,991 1,000 0,700 0,814 1,000 1,000 
25 0,636 0,890 1,000 0,696 0,878 0,807 0,885 0,961 0,951 0,964 0,781 0,918 0,933 0,981 0,947 0,854 0,826 0,930 0,629 0,991 1,000 0,700 0,814 1,000 1,000 
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It should be  noted that ( )baS ,  takes values among 0 and 1, and is therefore closely 
allied to the notion of the membership function of a fuzzy set. When there are 
discordant criteria the concordance index is adjusted to reach at a credibility index 
which is lower in value. If ( ) 1, =baDi for any criterion then the index of credibility, 
( ) 0, =baS . Table 5.19 shows the credibility index of all suppliers. Next step after 
calculating crebility index is ranking the alternatives. ELECTRE III offers a 
descending and an ascending order of the alternative which are then united. The two 
parts of the process are referred to as the descending and ascending distillation 
procedures, defined in the following. Descending distillation process is to 
• Determine the maximum value of the credibility index, ( )baS ,maxmax =λ , 
where the maximation is taken over the current set of alternatives under 
consideration.  
• Set )15,03,0( maxmax* λλλ −−=  
• For each alternative determine its strength−λ , namely the number of 
alternatives in the current set to which it is preferred−λ using *λλ =  
• For each alternative determine its weakness−λ , namely the number of 
alternatives in the current set to which it is preferred−λ to it using *λλ =  
• For each alternative determine its qualification, which is its strength−λ  minus 
its weakness−λ  
• The set of alternatives having the largest qualification is called the first distillate, 
1D   
• If 1D  has more than one member, repeat the process on the set 1D  untill all 
alternatives have been classified; then continue with the original set minus 1D , 
repeating until all alternatives have been classified. 
Ascending distillation is obtained in the similar way as the descending distillation 
except that at step 6 above, the set of alternatives having the lowest qualification 
forms the first distillate. However, distillation processes need exhaustive and 
complicated calculations. Therefore, a simple and easy to calculate application will 
be applied for gathering final ranking. 
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Table 5.19: Credibility index matrix 
S(a,b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
1 1,000 1,000 1,000 0,979 1,000 0,996 0,996 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,986 0,990 0,984 0,984 0,975 0,975 0,984 0,984 
2 0,690 1,000 1,000 0,654 0,893 0,794 0,891 0,956 0,969 0,993 0,889 0,899 0,943 0,984 0,914 0,856 0,860 0,888 0,570 0,926 0,926 0,678 0,792 0,897 0,897 
3 0,000 0,000 1,000 0,000 0,514 0,000 0,000 0,000 0,396 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
4 0,000 0,843 1,000 1,000 0,984 0,000 0,000 0,000 0,929 0,929 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
5 0,000 0,729 0,991 0,000 1,000 0,000 0,000 0,823 0,792 0,823 0,000 0,000 0,760 0,868 0,762 0,724 0,643 0,730 0,000 0,783 0,810 0,573 0,623 0,760 0,760 
6 0,000 0,828 0,991 0,000 0,914 1,000 0,909 0,930 0,981 0,981 0,884 0,939 0,966 0,968 0,000 0,956 0,927 0,000 0,000 0,897 0,888 0,761 0,768 0,883 0,883 
7 0,000 0,914 1,000 0,934 1,000 0,999 1,000 1,000 1,000 1,000 0,914 1,000 1,000 1,000 0,970 1,000 0,971 0,959 0,932 0,965 0,952 0,854 0,861 0,952 0,952 
8 0,000 0,899 1,000 0,000 0,809 0,763 0,865 1,000 0,940 0,992 0,735 0,843 0,875 0,992 0,900 0,805 0,779 0,000 0,000 0,945 0,934 0,625 0,761 0,926 0,926 
9 0,000 0,891 1,000 0,000 0,931 0,920 0,940 0,981 1,000 1,000 0,903 0,957 0,987 1,000 0,942 0,967 0,941 0,000 0,759 0,911 0,888 0,723 0,752 0,880 0,880 
10 0,000 0,891 1,000 0,000 0,823 0,774 0,843 0,973 0,982 1,000 0,766 0,862 0,891 0,992 0,924 0,798 0,772 0,000 0,438 0,895 0,880 0,553 0,712 0,877 0,877 
11 0,703 0,943 0,991 0,875 0,942 0,986 0,937 0,943 0,981 0,981 1,000 0,978 1,000 0,981 0,904 0,983 0,986 0,946 0,000 0,925 0,897 0,886 0,886 0,890 0,890 
12 0,000 0,857 0,981 0,889 0,943 0,994 0,938 0,943 0,970 0,972 0,913 1,000 1,000 0,972 0,929 0,999 0,970 0,944 0,000 0,926 0,927 0,829 0,836 0,927 0,927 
13 0,000 0,857 0,991 0,860 0,943 0,991 0,935 0,943 0,980 0,981 0,913 0,992 1,000 0,981 0,912 0,996 0,970 0,941 0,000 0,923 0,914 0,803 0,810 0,906 0,906 
14 0,000 0,000 0,795 0,000 0,000 0,000 0,000 0,000 0,383 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000 0,000 0,532 0,000 0,000 0,000 0,000 
15 0,000 0,914 1,000 0,844 0,909 0,899 0,996 1,000 1,000 1,000 0,903 0,994 1,000 1,000 1,000 0,954 0,925 0,998 0,815 0,965 0,965 0,829 0,858 0,965 0,965 
16 0,000 0,857 0,991 0,892 0,943 0,996 0,939 0,943 0,981 0,981 0,914 1,000 1,000 0,981 0,930 1,000 0,971 0,960 0,000 0,927 0,927 0,825 0,832 0,927 0,927 
17 0,617 0,915 0,991 0,892 0,943 0,996 0,939 0,943 0,981 0,981 0,971 1,000 1,000 0,981 0,930 1,000 1,000 0,960 0,000 0,927 0,927 0,882 0,889 0,927 0,927 
18 0,000 0,000 0,944 0,773 0,909 0,924 0,896 0,900 0,928 0,928 0,000 0,928 0,928 0,957 0,900 0,906 0,849 1,000 0,770 0,871 0,871 0,719 0,805 0,871 0,871 
19 0,000 0,914 1,000 0,944 1,000 0,995 0,983 0,995 0,995 0,983 0,909 0,958 0,995 1,000 0,983 0,970 0,941 0,983 1,000 0,966 0,984 0,855 0,855 0,941 0,941 
20 0,000 0,892 1,000 0,631 0,885 0,783 0,850 0,940 0,937 0,966 0,745 0,883 0,892 0,982 0,903 0,826 0,797 0,920 0,572 1,000 0,987 0,652 0,766 0,987 0,987 
21 0,000 0,677 0,958 0,000 0,625 0,354 0,490 0,718 0,704 0,745 0,000 0,496 0,599 0,981 0,625 0,283 0,239 0,663 0,000 0,806 1,000 0,000 0,338 0,754 0,754 
22 0,850 0,982 1,000 0,921 0,982 0,974 0,976 0,982 0,982 0,982 0,959 0,976 0,976 0,982 0,982 0,976 0,976 0,979 0,941 1,000 1,000 1,000 1,000 1,000 1,000 
23 0,805 0,982 1,000 0,824 0,892 0,884 0,976 0,982 0,982 0,982 0,959 0,976 0,976 0,982 0,982 0,931 0,931 0,979 0,844 1,000 1,000 0,993 1,000 1,000 1,000 
24 0,000 0,890 1,000 0,000 0,878 0,807 0,885 0,961 0,951 0,964 0,781 0,918 0,933 0,981 0,947 0,854 0,826 0,930 0,629 0,991 1,000 0,700 0,814 1,000 1,000 
25 0,000 0,890 1,000 0,000 0,878 0,807 0,885 0,961 0,951 0,964 0,781 0,918 0,933 0,981 0,947 0,854 0,826 0,930 0,629 0,991 1,000 0,700 0,814 1,000 1,000 
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The recommended application is to deduct the total value of the row of credibility 
index matrix, from total value of the column of the credibility index matrix  in order 
to get overall performance score of the relevant supplier. The reason of this 
application is that total value in the row of a supplier indicates the superiority of the 
supplier over other suppliers while total value in the column of a supplier indicates 
the weakness of the supplier over other suppliers. As a result, the performance value 
is shown in Table 5.20.  
Table 5.20: Overall performance scores of the suppliers 
Supplier 
Performance 
Score Ranking 
1 20,16567167 1 
2 2,192203964 10 
3 -22,71198106 25 
4 -7,225254651 21 
5 -7,588860664 22 
6 -0,382770785 17 
7 4,062608263 6 
8 -2,504154876 18 
9 -2,543144418 19 
10 -3,606519148 20 
11 5,59562168 5 
12 2,068598283 11 
13 0,796000071 13 
14 -19,83654097 24 
15 3,411440471 8 
16 2,009108594 12 
17 3,421623923 7 
18 2,754483508 9 
19 13,20069454 2 
20 0,258225319 16 
21 -8,381474706 23 
22 7,960597206 3 
23 6,114439223 4 
24 0,384692277 14 
25 0,384692277 15 
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6.  CONCLUSION  
The main goal of this research was to accomplish to construct a decision support 
system for supplier selection and evaluation. It was aimed to build an integrated 
method, which includes quantitative and qualitative calculations together to deal with 
vague and uncertain data supplied by decision makers.  
SCM has become a significant issue in real life and in the literature as well in the last 
decades due to increasing globalization, competition, etc. Moreover, supplier 
selection and periodical evaluation has ever been important tool for the companies in 
order to maintain an effective supply chain. Araz and Ozkarahan (2007) asserts that 
cooperating with the best suppliers and managing them is becoming more important 
now, because strategic partnerships are being implemented with vendors to sustain a 
competitive advantage. They add that thus, efficient methodologies that have the 
ability of assessing and checking vendors’ performance are still required. As a result, 
a methodology, which is capable of evaluating and monitoring suppliers’ 
performance, is constructed in this research. Moreover, it is applied to a real life 
supplier selection and classification problem of a pharmaceutical company.  
Results of the case study show that the suppliers of the company are not enough to 
qualify as strategic partners (see Table 6.1).  
Table 6.1: Final ranking and classification of the suppliers 
Class Suppliers 
Strategic Partnership No supplier 
Business Integration 1, 19, 22, 23, 11, 7, 17, 15, 18 
Arms-Length Relationship 2, 12, 16, 13, 24, 25, 20, 6, 8, 9, 10, 4, 5, 21, 14 
Trimming Suppliers 3 
It should be remembered that suppliers 1, 2, and 3 are imaginary suppliers. 
According to Table 6.1, real suppliers are classified only into two groups. As a result, 
the company should not establish strategic partnership with any of its current 
suppliers. The company should establish business integration with suppliers 19, 22, 
23, 11, 7, 17, 15, and 18. Business integration means that company and it suppliers 
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should integrate their production planning systems; they should have access to each 
other’s enterprise resource planning systems’ production modules. The company 
should force these suppliers to take supplier development programs and to 
continuously improve. Another class is arms-length relationship. The company 
should keep the distance with these suppliers and they should procure their needs 
from these suppliers unless there is no better choice. The final class is trimming 
suppliers. The company does not need to cancel any agreement with any suppliers. 
All of the suppliers have enough performance to remain as a supplier of the 
company. The result is expected because the company’s suppliers have been 
periodically audited by the global supply chain management of the company. 
Furthermore, all the suppliers evaluated in this research are domestic suppliers, 
which provide packaging materials. Raw materials, which are relatively much more 
important for the production, are procured from the foreign companies. That is why 
none of the suppliers qualifies for strategic partnership class. 
 One of the recommendations for a future research is creating a methodology to 
evaluate both domestic and foreign suppliers together. This will be challenging due 
to difference performance criteria, which should be applied to foreign suppliers. 
Furthermore, if fuzzy ELECTRE III can be applied to the last stage (ranking 
suppliers), a complete fuzzy methodology will be obtained. Hence, the strength of 
the methodology dealing with imprecise, vague, and uncertain data will increase as a 
result.  
In conclusion, an integrated decision support system methodology for supplier 
selection and evaluation was proposed in this paper. The suppliers are categorized 
and they are compared related to their performances on several criteria. The proposed 
methodology perfectly deals with vague and uncertain data, which is inevitably need 
to be used in real life and therefore the methodology is suitable for real life problems. 
Furthermore, it is constructed by several methods, which supplied accurate supplier 
evaluation. The proposed methodology can be used as a decision support system for 
supplier selection and evaluation.      
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APPENDICES 
APPENDIX A.1 
 
Figure A.1 : Responsiveness Metrics (Huang and Keskar, 2007). 
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APPENDIX A.2 
 
Figure A.2 : Flexibility Metrics (Huang and Keskar, 2007). 
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APPENDIX A.3 
 
Figure A.3 : Cost and Financial Metrics (Huang and Keskar). 
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APPENDIX A.4 
 
Figure A.4 : Assets and Infrastructure Metrics (Huang and Keskar, 2007). 
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APPENDIX A.5 
 
Figure A.5 : Safety Metrics (Huang and Keskar, 2007). 
APPENDIX A.6 
 
Figure A.6 : Envrionment Metrics (Huang and Keskar, 2007). 
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APPENDIX A.7 
Table A.1 : The concordance index regarding criterion 2 
C2(a,b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
1 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
2 0,750 1,000 1,000 0,500 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 0,750 1,000 0,500 1,000 1,000 0,500 1,000 1,000 1,000 
3 0,000 0,500 1,000 0,000 0,750 0,000 0,000 0,250 0,250 0,750 0,000 0,000 0,000 1,000 0,250 0,000 0,000 0,500 0,000 1,000 1,000 0,000 0,000 0,500 0,500 
4 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
5 0,500 1,000 1,000 0,250 1,000 0,750 0,750 1,000 1,000 1,000 0,750 0,750 0,750 1,000 1,000 0,500 0,500 1,000 0,250 1,000 1,000 0,250 0,750 1,000 1,000 
6 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
7 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
8 1,000 1,000 1,000 0,750 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 1,000 1,000 0,750 1,000 1,000 1,000 
9 1,000 1,000 1,000 0,750 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 1,000 1,000 0,750 1,000 1,000 1,000 
10 0,500 1,000 1,000 0,250 1,000 0,750 0,750 1,000 1,000 1,000 0,750 0,750 0,750 1,000 1,000 0,500 0,500 1,000 0,250 1,000 1,000 0,250 0,750 1,000 1,000 
11 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
12 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
13 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
14 0,000 0,000 0,750 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000 0,250 1,000 0,000 0,000 0,000 0,000 
15 1,000 1,000 1,000 0,750 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 1,000 1,000 0,750 1,000 1,000 1,000 
16 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
17 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
18 0,750 1,000 1,000 0,500 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 0,750 1,000 0,500 1,000 1,000 0,500 1,000 1,000 1,000 
19 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
20 0,250 1,000 1,000 0,000 1,000 0,500 0,500 0,750 0,750 1,000 0,500 0,500 0,500 1,000 0,750 0,250 0,250 1,000 0,000 1,000 1,000 0,000 0,500 1,000 1,000 
21 0,000 0,000 1,000 0,000 0,250 0,000 0,000 0,000 0,000 0,250 0,000 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000 0,500 1,000 0,000 0,000 0,000 0,000 
22 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
23 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
24 0,750 1,000 1,000 0,500 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 0,750 1,000 0,500 1,000 1,000 0,500 1,000 1,000 1,000 
25 0,750 1,000 1,000 0,500 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 0,750 0,750 1,000 0,500 1,000 1,000 0,500 1,000 1,000 1,000 
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APPENDIX A.8 
Table A.2 : The discordance index regarding criterion 5 
D2(a,b) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
1 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
2 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
3 0,167 0,000 0,000 0,444 0,000 0,000 0,000 0,000 0,000 0,000 0,167 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,444 0,000 0,000 0,444 0,000 0,000 0,000 
4 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
5 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
6 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
7 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
8 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
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